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Abstr.act: This pa, per is the result of studies covering a number of yeai-s 
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INTRODUCTION 

I T IS now twenty-nine years since the api)earancc of (5. W, Kir- 
kaldy’s'^’’ "Uber Notonecticlcn,” which conchuied his studies on 
the Notonectidae of the world, and tiiirty-six years since Ida “Re- 
vision of the Notonectid®, Part I,” was publislual. It was in this 
last-named paper that Doctor Kirkaldy reported his studies upon 
the genus Notonecta. In the years Unit have intervened between 
that time and the present some species have been desinabcd as 
new and structural characters of specific value discovered Unit arc 
much more precise than those known to him. I believe, therefore, 
that it is time to a.ssemble our knowledge of this genus, and, if 
possible, stimulate a wider interest in this group. Surely tiiere are 
species not yet taken or recognized as new, and more intensive col- 
lecting and closer scrutiny will prove fruitful indeed. There are 
vast areas where the terrestrial insect fauna is (|uitc well known 
from wliich the aquatic collections are very meager. Tins is due 
in large measure to the fact that the equipment necessary for 
thorough water collecting is somewhat different from that employed 
in the capture of terrestrial insects. While much interesting material 
could be taken with the ordinary land nets, coliectovs are loath to 
dampen their equipment. A little more attention to water insects 
by the general collector would be amply repaid. 

Ill passing in review the literature that has dealt witli tlie Noto- 
necta of the world we find just two papers of length— -Fieber’s 
“Rbyncliotographieen," 1851, and Kirkaldy’s “Revision of the 
Notonectidse,” *•' 1897. These papers were preceded by the follow- 
ing, which paved the way: Innnseus in his tenth edition of “Systenia 
Naturae,” 1758, erected the genus Notonecta and placed in it tln-ee 
specie.?, N. glauca, N. striata and N. mnmtmhna. The last two 
were later removed to other genera. Leach in his “Chissilicat.ion of 
Notoncctides,” 1817, proposed a new genus Plea, and Spinola in 
his Essai,’3 in 1837, brought out the genera Anmps and EnUharrs. 

In Fieber’s paper a number of new species were dcscrilied un.l 
many varieties proposed on the basis of size and color alone. Tlui.s 
only in those cases where the types are extant ciin Fielier’.s sjiecies 
be fixed with satisfaction. His casual disposition of previously 
described species is well illustrated by his treatment of Amyot and 
Servilles Notonecta mexicana. After describing N. lie re- 

marks that N. mexicam “diirfte wohl nur eine varietiit der oben 
besehriebenen N. Klugii sein, oder zur folgenden gehoren” (his own 
N. impressa). A further problem in nomenclature .arise.? Cnnu tliis 
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author's treatment of specific names. For illustration: He de- 
scribes Notonecta variabilis in three lines and then names and 
describes four varieties, citing the habitat of each; the first variety, 
iV. scutcilaris^ from Brazil and Porto Rico, the second, N. maculata, 
from Baltimore (U. S. A.), and the third and fourth varieties from 
Brazil Since two or more species are involved, it is necessary to 
consider his first-named variety as his N. variabilis and its locality 
as tlie type locality. 

In Kirkaldy’s paper, wdiich appeared nearly fifty years later, 
tlie autlior made an honest and worthy effort to set in order the 
taxonomy of the genus Notonecta. He appears to have made every 
attempt to locate and examine types and to gather together all the 
material he could command. His types have been designated and 
preserved. He introduced some structural characters and brought 
some order out of the chaos. His allowance for wide variability in 
some species, has, in some cases, been too great, giving an im- 
warranted distributional range for such species. For example, he 
did not note the specific differences between the common North 
American Notonecta iindulata Say and a much smaller species in 
Chile. 

In tins, the tliird general study of tlie genus, I have gone to the 
sources both for descriptions and types as far as they have been 
available to me. I have tried to account for every named species, 
but there are some descriptions without existing types or without 
material from type localities that fit the descriptions which are 
often too brief. Wlietlier tlie descriptions are inaccurate, or whether 
(he species in question liave not been seen by me, I cannot say. 
Most of tlie older descriptions are based on color and it is almost 
impossil)le to appropriate them with any degree of certainty. This 
pfi|)(‘r lias Ixaui in progress for twelve years and publication with- 
held in the liope that every case miglit be clarified. I find that the 
tiiTK^ has come when I must present my results, such as they are, 
Ii()|)ing tliat the future may uncover points now obscure to me. Tlie 
colored figures so faithfully drawn for me by Miss Kathleen Doer- 
ing will enable anyone to determine the specimens in the catch that 
are fully and typically colored. Tlie teneral forms and the bi- 
cliromatic species may be perplexing. In such cases note the size, 
sliape of tlie head, thorax, mesotrochanters, abdominal sternites and 
genitalia. Kirkaldy made a significant contribution to the tax- 
onomy of the Notonecta wlien lie introduced tlic more or less precise 
measiiremmits of the liead. Champion, 19()I, in the Biologia Ceii- 
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trali Americana (Ucm.-Het., VoL II) noted the fact that certain 
species have the ventral abdominal keel bare, while otliei’s Inive this 
keel covered with hair. Behjourt's study of tlic biology and pig- 
mental variations of the forms of liis region have l)een helpful; 
indeed, he demonstrated the value of biological facts in c’stablisliing 
his N. viridis as a distinct species. Edwards in descriliing liis N, 
halophUa (now known to be N. viridk Delcourt) called attention to 
the anterolateral angles of the prothorax. 

In 1917, while studying the biology of some species of Notonecta 
in New York state, I discovered that the female gonapophyses luive 
some specific characteristics.''*^ A little later W investigated the value 
of the male genital capsules and found them to be quite precise and 
satisfactory in specific determination. An examination of long series 
of a given species taken from widely separated places in tlie United 
States has demonstrated the fixed characters of tlie male genitalia. 
Since that time I have submitted drawings of the genital ca[)siilcs of 
the species that I have described, and other workers have used tin* 
male genital characters in taxonomic problems with success. 

In 1922 R. Despax made a study of Notonecta rnacAilata Fal>r. 
and Notonecta glauca L. and figured the genitalia. In 1924 Rjiy- 
mond Poisson®'"* figured the male claspers of Notmecta furcata, 
Notonecta glauca, Notonecta maculata and Notonecta viridis Del- 
court and demonstrated their specific differences. He writes: 

. . les differentes pieces de Tarmature genitale, dans chacune 
des especes, conservant une structure constante.” More recently 
this last author®® has compared the three species common to his 
country and Asia Minor. His drawings show general res(}nil)laiua‘ 
in each case. Esaki (1927), in describing his N. honmthi Av 
pallidula Poisson, 1926), compared the direction and relative lenglli 
of the lateral margin of the pronotum of this species wit.li tlud; of 
N. glauca Linn., and in liis recent description of A. saramaa Esiiki 
he has attempted to state precisely in degrees the anterolateral 
angles of the pronotum. 

Another character that I have found to bo of value in se|)arating 
certain confusing species is that of the mesotrochariter.^® In scrnie 
species, the majority, indeed, it is rounded, but in others it is aiigu- 
late or even spurred. The shape of the sternites of the abdomen are 
often specific, and the last abdominal sternites of the females are 
especially useful. The characteristic shape of tiie head and thorax 
often defy a word description, yet are sufficiently distinctive to 
identify a species. The sexes are sometimes of different color, as, 
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for example, the males of Notonecta lobata Hiingerford, which are 
usually black, while the females are red. They may also be of 
somemdiat different shape. The head and thorax, for example, of 
Kirkaldy’s Notonecta ceres are quite unlike in the two sexes (see 
Color Plate III, figures 2 and 3). The males are, in many species, 
sliglitly smaller and the distance between the eyes slightly less, 
relatively, than in the females. In every case of doubt an examina- 
tion of the quite precise characters of the male genital capsule will 
settle the question of specific identity. 

FAMILY CHARACTERISTICS 

The Notonectidie embrace perfectly aquatic forms differing from 
all others (except the Pleidse and Helotrephidie formerly includerl in 
this family^) in the persistent habit of swimming on their backs. 
They are deep-bodied, convex dorsally and more or less triangular 
in cross section. Tlie eyes are large, reniform, and twice sinuated 
on the outer side. Ocelli are absent. Antenme with three or four 
well-defined segments and partly concealed between tlie head and 
thorax. Beak four-segmented. Front and middle legs adapted for 
grasping and hind legs more or less flattened and fringed for swim- 
ming. Tarsi two or tlirce segmented (counting a small basal seg- 
ment), Two tarsal claws present in all, but inconspicuous on the 
tarsi of the liind legs. Scutellum visible. Abdominal venter with 
median longitudinal keel provided along the lateral margins at least 
with guard liairs, which, together with movable rows of similar hairs 
from the sides of the venter, are capable of closing over the two 
longitudinal troiiglis thus forming air chambers. 

I propose to arrange the genera of the family as now restricted 
as indicated in the key wliicli follows: 

Ket to Genera of N(n‘o;NE<rriR/K 

A. Hi'iixflyfral cimmiissum wil.hoiit pit at anU'rior and (Snbf. Nn'roNKCTiN.'i*;.) 

B. IntonwHliate tarnua with two wan-chweloped aejJiirKmtH and a very amall hanal 
one. lnterrn(!diate femur atoui with anteapical iKniiled protubi'ranec. 

(Tril>e N cnoNiarr I N i. ) 

C. Anterolateral maruibia of prothorax not foveab* No/rmefta. 

CC. Anterolateral mttrp;;ns of prothorax fovrat.e. (See PI. Vf, fip;. ‘2,) . , . 'PhuthareH. 

liB. Intermediate tarsus with one well-developed .segment, and tins middle fraimr 

without anfeaiueal pmnti'd protuberanee ..(Tribe NYOinNi.) 

C. Antenna 4 .segmented .Martarega. 

CC, Ant'iina 3 segmented Nychia. 

AA. Herne.lytral cornmiHsurc with pit at anierlt)!* end.t (Sec PI. VT, fig. 7.) 

(Subf, ANisoriNv'T-:,) 

* These two families forming the autierfainily Pleoideje Esaki and China are (liHtinguislu’d 
from t he Notoni cloideje by I)a\’ing !u‘mel.vl.ra tliiek and imit.t d apically-. Ventral alulominal 
w'gments may ixi medianly tuliereuhile but not earlnutc. 

t Fois.sorP'** considers this a sensorial organ in /t/u‘.so//,s produrta Fiel>, 
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B. A^^ntral kcol not extentling onto last, alHloiviiruil seiuaunt,. Male ja'iiitnl 

cleft. liehiiKi. Males without, stridulator protiiberani'e on front tibia. FfOuMh 
with, short goaa{:ic>i:)hy.ses /Vioo/L'-op,’',. 

BB. Ventral abdominal keel extending onto la.st abdominal segment. Mule Ketiifal 
capsule closed behind. Males witli .si ridulatory jH-otuluMaticu on trout tibia. 
Females with elongate subsiiatulate gonapniihyses. 

G. Male with anterior tarsus 1 segmented bo. oii,:. 

CC. Male with anterior tar.sns 2 segmented Jluvrayt, 

The above arrangement is new, but appears to nu‘ to bi^ more 
logical than any proposed thus far. Kirkaldy;^'“ 1H97, di\’idet! tlie 
family into Notonectinac and Pleinae. Hale, 1923*^* and 1924,'^’^ 
followed Kirkaldy, as did Hutchinson 1929, Esaki and Ehina,-'^ 
1928, removed Plea from the Notonectidai and revived tlie family 
Pleidae first erected by Fieber under the name Pleav They made tlie 
following disposition of the groups formerly embraced iiy tlie ftmiily 
Notonectidie: 

Superfamily Notonectoideai for tlie family Notonetdidie. 

Superfamily PleoideiB for the families Pleidai and Hdotrc‘pliidm. 

Hutchinson, 1929, proposed to divide his Notonectina^ into tiic 
tribes Notonectini and Anisopini, the first embracing Notoneeta and 
Enithares and the second Nychia, Anisops, Buenoa, and Pai’anisops. 
He did not undertake to place Martarega B. White and Signoretiella 
Berg, but suggested that a third tribe might iiave to be instituteil 
for them. 

There seems to be no good reason for separating Nyeliiu: from 
Martarega. These two genera belong in the same tribe. They agree 
in general facies, both liave eyes contiguous at base; both have the 
face transversally depressed; botlrhave a curious curve in tiic 
costal margin of tlie hemelytra; both have male genital ea|)sul(‘s 
that are cleft behind.'^ In every way save one tliey are (luiiv alikcb 
Nychia has a three-segmented antenna and Martarega o. four- 
segmented antenna. However, it is conceivable that Ny('‘l,iia lia,s 
lost the fourth segment by atrophy since it is small and loosely 
joined in Martarega, They are indeed closely related genera ami 
belong in the same tribe. 

Whether Enithares is closer to Notoneeta tlum to the Nychia- 
Martarega group is a debatable question.f It shares some charao 
ters with one and some with the other. It is like Notoneeta in 
having the eyes well separated, in having middle femora stout ami 

* Doctor Jaezowskiv- 1028, in his “Notouectida?. from the State of Pumiul,” p. dcsci'ilHw 
the genital capsule of Martarega. 

•x tP^ctor Jaezewski/a in Notes on Some West- African Heteroptera/* 1020, p. 78, i.luctw 
it with Notoneeta, and I concur with him in this opinion. 
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equipped with an anteapical proturbance, in having the claspers of 
the male genital capsule in most species alike,:|: in Iiaving the same 
number of tarsal segments (two well-developed segments and a very 
small basal one in the front and middle legs). 

On tlie other hand it has the anterolateral margins of the pro- 
thorax foveate like Nychia and the shiny surface and texture of the 
hcmelytra. The a^Ieagus is unlike Notonecta. 

As a matter of fact it would seem to me that a cytological study 
of these various genera might throw some light upon the problem. 
A little work has been done on Notonecta and has been of real value 
in understanding relationships within the genus. 

In the above key the genera are arranged in phylogenetic order 
beginning with Notonecta, the most primitive genus, and progressing 
to the highest. No linear arrangement is consistent in all regards. 
The best one can do is to use the most fundamental differences and 
allow for parallel and independent modifications. For example, the 
ovipositors of Notonecta females may be short and weak or long and 
strong. 

The genus Notonecta embraces 63 species, 14 subspecies, and is 
widespread over the earth. There is one species in Australia, one 
in Africa south of the Sahara, several in Asia, several in Europe and 
Nortli Africa, 25 in North and Central America and 20 in South 
America. The genus Enithares, with a single exception {E, brasi- 
liensis Spinola from S. A.) is found in the Eastern Hemisphere only. 
Nychia belongs to the Eastern Hemisphere and has its counterpart 
Martarega in South America, Anisops is widely distributed over 
the Eastern Hemisphere and is replaced by Biienoa in the Western 
Hemisphere. Paranisops is confined to Australia. 

From tlie standiioint of distribution alone, Notonecta miglit be 
considered the oldest genus. This consideration, liowever, is sup- 
ported l)y tlie four segmented antenme, by tlie three segmented tarsi 
and by tlie lack of asymmetry in tlie male genitalia. Enitliares, as 
stated above, comes next. It is the only otlier genus represented in 
botli Hemispheres. Its only representative in the Western Hemi- 
spliere is a very large species which has the male genital claspers 
unlike. So far as I know all of the other species in the genus lack 
tliis asymmetry. 

In some regards Enithares may be more primitive than Notonecta. 
The interocular space shows less variability than in Notonecta. The 
female gonapophyses are uniformly weak, and Hale'^^ has reported 

$ Snllliarcs brazilwnHu Spinola lm» tho right Jiml U-ft clasporH nnliko, (See PI, VIII.) 
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that ''Enitliares commonly anchors itself to subrnorgod ol:)jc(‘ts, even 
walking up a plant stem to tlie surface for a renewal of its air sup- 
ply.” While species of the genus Notonecta anchor tlieiiiselves trO 
submerged objects, I do not recall liaviiig seen tliom clirnl) supports 
to the surface. Nevertheless the foveate anterolateral iriivrgiiis of 
the prothorax, the shiny surface and the beginnings of asyiiniietry in 
the male genitalia anticipate the Nychini. 

Nychia and Martarega have the male cluvspers unlike on tlie two 
sides. In Martarega the claspers are tlie less differentiated. Nycliia 
lias lost the terminal antennal segment. The increasing unlikeiiess 
of the male claspers and the three segmented antemue of Nycliia 
approach the condition in the Anisopime. The Nychini usually liave 
the flight wings reduced, accompanied by a small scrutelluro. When 
fully developed flight wings are present, the sciitelluni is large. Tliis 
is true also of Paranisops, which belongs in the Anisopiine, and is 
the most primitive of that subfamily. 

I consider the AnisopiniB at the top of the series biaaiustu (1 ) Thc‘y 
have oxyhaemoglobin and a pit on the anterior end of the cciinmissure 
of the hemelytra; (2) the males possess stridulatory organs and a 
courting ritual (excepting Paranisops) ; (3) tlie antenruc arc tliree- 
segmented; (4) in Buenoa and Anisops the female gona|)()pliys(;s 
are uniform and long. The male genital capsule is dosed behind 
and the claspers decidedly unlike on the two sides. Tlie genitalia 
in these last two genera have reached such a stability and imifonnity 
that they are of little value for purposes of specific determination. 

The Anisopinae are more at home in the open water, cruising about 
gracefully and in perfect equilibrium at some distance bcncatli tlie 
surface. 

Besides the differences stated in tlie key tlie Notc'inc'ctirue and 
Anisopinai are unlike in the cliaracter of the labruin.* 

ANATOMICAL NOTES, TECHNIQUE AND TERM:IN(}I:X)(:!'Y 

A number of contributions have been made to our knowledgci of 
the anatomy of the baekswimrning water bugs. Wefelscheid;*^** 1012, 
produced a study, ‘Tiber die Biologic imd Anatomie von Plea,” that 
is monographic in nature. Esaki and China investigated tlie 
Helotrephidse. In the Notonectidae as now restricted Buenoa has 
been studied by Bare^ and Anisops by Poisson.^*''^ Notonecta has 
been the object of many studies, for the most part in connection with 
some general problem dealing with mouthparts, wings, respiration, 

* Except Paranisops which has labrum like Notonecta. Paraui.sops also lias infraroxal 
plates hairy like Notonecta. 
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or genitalia. Some studies on embryology and cytology are also 
available. Several of these have considerable value to the sys- 
tematist. Hutchinson, in his “Revision of the Notonectidae and 
Corixid® of South Africa,” figures the venation of the hind wings of 
Notonecta, Enithares, Nychia, Anisops and Plea. Specific differ- 
ences in the ovipositors of American Notonecta (1918)*^^ and in the 
genital capsules of the males (1919) were reported by Hungerford.*^^'^ 
Since then the genitalia have been used in systematic papers by 
Hale, Jaczewsld, Bare, Hutchinson, Despax, Poisson and Esaki. 

Hutchinson, in the paper cited above, employed the cytological 
evidence in chromosome studies made by Browne, in 1916 and by 
Poisson in 1927 in his division of the genus Notonecta into the 
subgenera Notonecta S. Str. and Paranecta (new) ; the latter em- 
bracing Notonecta lactitans Kirk, and all the other species without 
digitiform extension of the male genital capsule and with short 
ovipositors in the female; the former, with Notonecta glauca L. as 
the type, and including species in which the males have the digiti- 
form extension of the male capsules and elongate ovipositors. 
Hutchinson believes that the subgenus Paranecta is the older group 
because of the less specialized condition of the ovipostor, the simpler 
genital capsule and tlie larger number of chromosomes. Browne 
found that in N. undulata Say, N. indica Linn. (=: N. imifasciata 
Giier. probably) and in iV*. shooteri Uhler, the diploid number of 
chromosomes is 26, the first spermatocyte division showing 14 (the 
sex chormosomes conjugate late) and the second 13. 

In both N. Glauca Linn, of Europe and A. irrorata Uhler of North 
America the diploid number is 24, the first spermatocyte division 
showing 13 and the second 12. It would be very helpful if further 
cytological studies in tlie NotoneetidiB wore made. 

The Notonecta mexicana A. & S. series, for instance, could be 
studied with profit. This grcvup is in some respects quite distinct, 
and certain species md\ as Notonecta lobala Hiingerford could be 
secured in large numbers in the southwestc'rn United States. A 
study of Notonecta handlmchi Kirkaldy, wliieli was placed in the 
new subgeniis Enitliaronecta by me in 1928, sliould be made and 
compared with a study of some species of Enitlmrcs. Unfortunately 
we must first discover the breeding place of this imiciue Australian 
representative of the genus Notonecta. So far we know it only from 
the two specimens of the type series in the Vienna Museum which 
arc labeled “Post., A. Fischer, 1878,” and one otlier specimen. 

In this paper it is necessary to present only siicli gross anatomical 
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features as may be useful iu the separation of the species. Hie 
illustrations on Plates VI, IX and X Avill give an idea of the cliief 
anatomical charactcriaties of the genus Notonceta. 

In understanding the descriptions given in this paper it is ini- 
portant to note tluit the measurements have been made from above 
the dorsal side of tlie insect when held in a horizontal position. 
Care must be taken to have the longitudinal and transverse axes 
exactly horizontal. The length of the liead, compared to median 
length of pronotum, has been determined by projection and not by 
tilting the insect out of position; so, also, in comparing length of 
vertex with, its anterior width and the convexity of the anterior 
margin of the vertex with that of the frontal margin of the eye. The 
ratio of the anterior breadth of vertex to the syntldipsis is secured 
by measuring the distance between the eyes in front and tlic nar- 
rowest interocular space, the latter being called “synthlipsis.” 

The lateral margins of the prothorax are always more or less com- 
pressed dorsoventrally into a more or less thin edge, or ledge, which 
in some species is quite broad along the anterior portion. By view- 
ing this edge from the side it is usually seen to be somewliat sig- 
moid, and, compared with the long axis of tile insect, is either obliciuc 
or nearly parallel with it. Tlie shape of this ledge may be quite 
different in the sexes of the same species. 

The abdominal sternites are often of interest (see Plate X). In 
some species the edge of the mid-ventral keel is bare on one or more 
segments. The so-called “fourth abdominal sternite” is so desig- 
nated for the convenience of the taxonomist. It is really the sternite 
of the fifth segment. In the females the shape of the last two ab- 
dominal sternites* afford excellent characters (see Plate X). In 
the N. mexicana A. & S. series the penultiinate sternite is very nar- 
row, in N. montezuma Kirk, it is long, broad and keel is bare; in 
N. undulata Say it is relatively long and cleft behind, while in N. 
irrorata Uhler it is broader than long. The last abdominal sternife 
is no less interesting. On Plate X I have figured four di.stinet tyiies. 
Figure 1 illustrates the characteristic shape of the N. jneximnn 
A. & S. series, figure 3 the usual shape of the subgenus PanwvHa 
Hutchinson, and figure 4 that of the subgenus Notonecta. In Para- 
necta the first pair of gonapophyses are short and in Notonecta they 
are elongate. 


* Also referring to those visible as the fifth and sixth. Of covirao they are actual) 

of gonapophyses are attaclitici t 

e t th and ninth. The gemtal capsule of the male belongs to the ninth segment. 


tbf 
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The male genital capsules with their claspers or parameres afford 
good (diaraeters. There are three distinct groups of the genus based 
upon the shape of the capsule itself. The subgenus Enitharonecta^ 
witli its caudal projection and reduced lobes behind the claspers 
(see Plate VIIIj fig. 4) ; the subgenus Paranecta, which lacks a 
digitate process (see Plate XIII) ; and the subgenus Notonecta, 
wliich possesses such a process (see Plates XVI and XVII). The 
male genital capsule is hidden within the last abdominal segment 
and must be drawn out into view, and for careful study must be 
cleared. Both operations are quite simple after a little practice. 
To remove the capsule moisten the insect with 5 per cent alcohol to 
relax it. After a few minutes hold the insect between thumb and 
finger of one hand and with the other, by means of a dissecting 
needle bent at the tip, reach in and bring out the capsule. It is 
often best to slip the needle in between the body wall and the 
capsule on both sides to loosen the connections before undertaking 
to draw out the capsule. To clear the capsule place it in caustic 
potash solution and either boil it for a time till clear or let it stand 
in the cold solution two or thi^ee days. I prefer the latter method. 
After washing the cleared capsule in water it can be studied under 
the binocular and then stored in a vial of alcohol (70 per cent) or 
dehydrated with alcohol, placed for a few minutes in xylol and 
mounted in a drop of balsam on a card or celluloid slip to be placed 
on the pin beneath the insect. Another method that is even better 
is to clear a little, wash in water, then place in a little dish of acetic 
acid. After ten minutes add a drop of clove oil, adding clove oil 
drop by drop every few minutes, and drawing off the excess with a 
pipette. After a time the capsule wdll be in pure clove oil, from 
wliicli it can l)e mounted directly in a drop of balsam on a celluloid 
card for pinning Ixmeatli the insect. If the insect is then placed in 
a dust-free (duimlxjr until tlie mount hardens, tliis mcvtliod will be 
found most satisfactory. 

Tlic axleagust also sliouhl be examined and the amount of clear- 
ing of the genital capsule must be enough to enable a study of the 
claspers and yet not enough to destroy tlie characters of tlie jndeagus, 
whicli in certain cases are useful. Tlie difficulty in securing uniform 
clearing so that precise comparisons of scleratized parts can be 
made and the wide differences in tlie relative positions of the parts 
of the ledeagus in different individuals has led me to omit specific 
descriptions of tliis structure. Tlie structure, called the “internal 


t Plmllic (irgiiu, accordinj^ to SnocigniKs. 
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stay’' by Hiitchinsorr*^ (see his Plate XXVIII, fig. 2) , ai.ipeiirs tc 
be most developed in the N. mexicana A. & S. group and but sliglitly 
developed in the N, lutea Muller group. 

THE BIOLOGY OF THE NOTONECTlDHi 

The backswimmers are among tlio best known of water bugs. 
They inhabit the ponds and pools of nearly every land. Tlie fact 
that they swim on their backs -readily distinguislies them in tlieir 
native element. They are predaceous creatures, the larger species 
often attacking insects and other animals, even small fish, larger 
than themselves. The small nymplis of Notontavta and probalhy 
all of the Anisopinai, even in the adult stage, feed to a lai'ge extent, 
upon the small Entomostracan life of the water.:!: The Anisopirue 
have the two anterior pak’s of legs margined with rathm* long spines, 
which form, when flexed, a splendid crib for the retention of ostra- 
cods, cladocera, etc., many of which may be field captive at oik* 
time. 

Members of the genus Notonecta, and no doubt of tlic ICinthares§ 
also, can inflict a severe ^^sting” with their beaks when incautiously 
handled, a fact which led to the use of the name ^AVasser-bicnen” 
by the early German writers. This disagreeable behavior has given 
them a place in the literature of Medical Entomolog}^ (see Riley 
and Johannsen Handbook of Medical Entomology) . No doubt most 
of the observations in this regard have been made hy collectors, but 
on several occasions I have been impressed by their reputation as 
^^stingers” and their economic importance to ilie owners of (‘om- 
mercial swimming pools. Instances liav(3 been reported to me* in 
which the swimming pools have been so infested witli these insc‘cts 
and the complaints so numerous among bathers that tlu* elitniriation 
of the backswimmers became necessary to resloi'c^ (Ik^ po|)iilarily 
of the pools. 

Most species winter as adults either hidden in ilu^ mud and other 
debris of the pool or remain more or less a(‘tive as conditions may 
permit. They have been observed swimming bcneatli tlie i(‘C in 
spring-fed pools in midwinter. There is some evidence, mostly un- 
published, to indicate that certain species may also overwinter in tlic 
egg stage.* Some species have been observed to leave tlie shallow 

$ Anisops and Buenoa can be and have blutn reared in mptivity tipnu 
wriggl Ts. 

§ H. M. Hale in the Records of tbo South Australian Miispuin, VoL 11, No. IL lp2r., 
rijports the “sting’' of Enithares as similar to that of a bee sting. 

* See under N. Mca Muller and AT. borealis Bueno and -Hussey, 
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temporary pools of summer to fly to deeper waters in which to 
winter. 

Tliere are some interesting records of countless swarms of Noto- 
necta that for some reason have been precipitated from their flight in 
mid-air to drop like hail upon the ground. One such “rain of insects’’ 
recorded in the northern United States in 1846 covered an extent of 
at least twenty-five miles in one direction. 

Sometimes Notonectkte fly to trap lights, and Mr. R. A. Stirton, 
wdio collected these insects for me in Central America, drew them 
within reach of his net by the use of a flash light over the water. 

Mating takes place in the water, and the courting maneuver of 
Buenoa, and probably mostf other Anisopinm,^ includes stridulation 
of the males, which make a chirping sound by rubbing the front 
legs against the base of the beak as they approach the females. 
The eggs of some of the Notonecta (the majority) are affixed to 
aquatic vegetation and other supports in the water, while others 
insert their eggs more or less deeply into plant tissues. The oviposi- 
tion of only one species of Enithares has been published, and this 
one affixed its eggs to aquatic vegetation. So far as known, all of 
them have the first pair of female gonapophyses short and weak 
and not adapted for piercing plant tissue. The Anisopinj®, on the 
other hand, with the exception of Paranisops, have well-developed 
gonapophyses and must insert their eggs as has been observed for 
some of the Buenoa. So far as known there are five nyraphal in- 
stars, and there may be one or more generations, depending upon 
tlie species and the climate. 

RELATIONS TO OTHER AQUATIC LIFE 

Tlic Nol,one(*ta are powerful swimmers, but not as fleet as the 
Corixids. Ordinarily they swim short distances, coming to rest 
back downward just beneath the surface film, tlie tip of the abdo- 
men in contact wiili the surface, the body and head downward at 
Biieli an angle that/ just the claws of the intermediate limbs may 
touch tlie surface and tlie hind limbs directed well forward of right 
angles to tlie body, poised for a sudden rowing stroke, or else tliey 
dive to cling to some submerged object. Certain species prefer 
open water, otliers the shelter of aquatic vegetation, and still others 
the dark, shadowy places beneath overhanging bushes. Some will 

t Paranisops is doubtlocs mule*. 

Halo in Records of the South AusiTalmn Muaonni, Vol. 11, No. 8, 1923, p. 406, describes 
the conrtshii) and stridulation of Anuops hyp&rion Kirk, whicli is very similar to observations 
made by Hungerford and by Bare of Buenoa. 
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live in muddy, stagnant little ponds, otliers only in viyal elear 
waters. For the most part the Notoneeta live in standing 
of water or in quiet pools of a watercourse. One spe<’i(:‘s will tohu-ate 
the brackish waters by the sea, and some have lieen takca,i in the 
acrid coffee-colored waters of some iieat-bog |)ool As a groiif) ihe^y 
are probably indifferent to a wide range of plL 

Tfieir relation to the other small creatures of tlie water is tlia,i of 
predator. In their early stages they feed upon tlie small erustucea 
(Entomostraca mostly) and small insect larvaq in their later stages 
upon larger forms, even small tadpoles and little fislies. In turn 
they may be taken and devoured by the naiads of dragon and dam- 
sel flies, by Belostomatids and Nepids and by predaceous water 
beetles. Now and then they are captured by some Burfacc-dwelling 
insect or otlier animal. They are seldom eaten by the fislies, at 
least much less frequently than are the Corixids, wliicli often dwell 
with them in large numbers. 

Their contention for the same food"^ that small fishes eat and 
their destruction of the early stages of some of the fishes make them 
of some economic importance in fish culture. The economic relation 
of the Notoneeta to the plant life of the water is trivial Some 
species make incisions in the stems of plants for the deposition of 
their eggs, others merely attach them to the leaves and stems. 
While chlorophyl from Spirogyra has been found by Bare'* in the 
stomachs of some Buenoa, it is not probable that the Notoneetti 
feed directly upon plant life. 

GEOGRAPHICAL DISTRIBUTION 

The family Notonectidse is represented by one or moi'e si)eci(‘s in 
nearly every land. Only one genus, liowever, lias arvYlhing like a 
world-wide distribution. This is the genus Notoneeta, and it has not 
been reported for the East Indian Archipelago, Plnlippine Islands, 
New Zealand, Tasmania, MadagUvsear, Hawaii or otlier Pacific in- 
sular groups. Furthermore there is but one species found in Austnl^ 
lia, and this one is a curious species found only in west Australia i A'. 
handlirschi Kirkaldy, known only from three specimens). It is tlie 
type of the subgenus Enitharonecta Hungerford and, as tlie name 
implies, is in some respects intermediate between Notoneeta and 
Enithares, The other subgenera of the genus Notoneeta are Para- 
NECTA Hutchinson, Bichromonecta Hungerford, Erythronecta 
Hungerford and Notonecta Linnaeus. 

^ G. C, Embody"*’ records them killing amplUipods as large as themselves. 
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The siibgeniis Paranecta appears to me to be the oldest. It is 
widely distributed in the Western HemispherCj having 15 species 
in South America and 13 species covering Insular America, Central 
and North America. It is then the dominant subgenus of the West- 
ern Hemisphere. In the Eastern Hemisphere we find a species, N. 
lactitans Kirkaldy in Africa south of the Sahara, but not one in 
Europe! In eastern Asia we find 3 in China, 1 in eastern Siberia, 
1 in Japan and 1 in Formosa. The distribution suggests that the 
subgenus may have arisen in the new world, and that the old-world 
species, namely the one in south Africa, those in eastern Asia, Japan 
and Formosa, represent the terminals of an early dispersal. Even 
the subgenus Enitharonecta in remote Australia may have de- 
veloped from some ancestral Paranecta. 

In North America we have N, insulata Kirby and N. kirbyi Him- 
gerford that represent a link between this subgeniis and subgenus 
Notonecta. Tlie former species occurs in northern United States 
and Canada east of 100th meridian and tlie latter in western Canada 
and western United States, ranging southward along the mountain 
chain. These twm species, together with N, impressa Fieber {N. 
montemmia Kirkaldy) from Mexico and north into Texas form a 
distinct group of tlie subgenus Paranecta. 

Other groups in this subgeniis can be distinguislied, such as the 
N. bifasciata Guerin group, the N. undulata Say group, and the iV. 
chinensis group. 

IMost of the South ximericaii species are small in size and much 
alike and belong to the N, bifasciata Guerin group. The N. mi- 
dulala Say group consists of siiecies of moderate size and is repre- 
sented in South America liy Ah fazi Hungerford in Chile, 'its close 
rela(i\a‘ N. vereertbniggherd Hungerford just over the mountains to 
tlu; ejist, and N, variabilis Fieber in Brazil. N. undulata Say is 
widtdy distrilnitrai over North America from coast to coast. In the 
luirtiierii luilf of tlie United States and Canada it is readily recog- 
nized in Uie field, but as we proceed southward into the Lower 
Austral Zone we find it more and more replaced by N. indica Lin- 
lueiis, wliicli is an abundant species, not only in the southern states 
but in Cuba and Jamaica and extending southward from Mexico to 
(,Vyluml)ia. N, variabilis Fieber in Brazil is almost indistinguishable 
from Ah indica Liimanis. 

The N. vnifasciata Guerin group, possessing angulate mesotro- 
(diaiiters and a black scntellurn margined with flavous, ranges from 
Mc'xico northward into Britisli Columbia. The species N. uni-- 
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jasciMa Guerin embraces several subspecies which in t!ie northern 
ranges is often abundant in warm or so-called ‘diot springs.” Wliile 
no records of this species have been made from South America in 
recent years, there are two specimens in Kirkaldy’s collection labeled 

Amcr.” and called by him N, mnerkmia. There are also a hw 
specimens in Vienna labeled “Frfld. Am.” and '‘Frfld. 1874.” When* 
they came from is imccrtaimf 

The subgenus Bichromonecta Himgerford may liave arisen from 
the Paranecta, but has developed a striking reduction of tlie penul- 
timate sternite in the female (see text figures, p. 101), a cliar- 
acter anticipating, the great reduction of this sternite in the next 
subgenus. The subgenus is typified by N, shooten IJliler and ch> 
cupies a restricted range from Colombia, Soutli America, on the 
south to California on the north. 

The subgenus Eeythronegta Hungerford, of which N, rneMcana 
Amyot and Serville is characteristic, occupies the same range as 
that of Bichromonecta Hungerford. 

The subgenus Notonecta Linnaeus: This subgeniis represented by 
N. glauca Linnaeus is characterized by having a digitate process on 
the male genital capsule. In most of the species the females have 
long ovipositors for inserting the eggs in the tissues of plants, a 
character not known in any of the other subgenera. It probal)ly 
developed from the Paranecta through species much like N. imidata 
Kirby. The most primitive species are N, maculata Fabr. and N. 
pallidula Poisson etc., which liave short- ovipositors and merely 
attach their eggs to supports in the water, as do all tlie l^iranecta 
known. Moreover the last abdominal sternite of the femal(‘ is no 
more developed than in some species of Paranecta. Tliis subgeiius 
is dominant in Europe and North Africa, a territory, it will lie re 
membered, in which Paranecta is absent. From southern Europe if 
spreads eastward to India, and from northern Europe we fincl 
circumpolar group typified by N. lutca Miiller in nortlicnm Eurofie. 
a species which follows the mountains southward to France, and I y 
N, borealm Bueno and Hussey, a boreal species of Nortli Amcrict..| 
The subgenus is represented also by a species in Burma, one in 
China, one in southwestern Siberia, and by N. irrorata Uider in 
eastern North America. Thus there are 2 species in North America, 
1 of them confined to the Boreal; 3 confined to Eastern Asia, 1 to 

tit was supposed that these had been collected by Erau^nfOd when Entoninlogi^it nn 
the Novara which touched South America at Rio Janeiro, Brazil, and Valparaiso Chil*- 
This cannot be true, however, since the Novara made its trip around the world in IHfh-IHhO* 

t We must bear in mind also N. nigra Ficber described from Brazil, S. A. St-o diseiiwifai 
under this species. 



Hungp:rford: Genus Notonecta 


2] 


Arabia^ and 9 species and their subspecies which are found in 
Europe, the Islands adjacent thereto, and in North Africa. N. 
niaciilata Fabr. ranges east to India and N. viridis kasJvmiriana 
Hungerford represents tlie eastward distribution of this species. 

Summarizing the distribution of the genus Notonecta Linnseus we 
find it well represented in the Western Hemispliere, in Europe, 
North Africa and Asia.§ It appears to be lacking entirely in tlie 
East Indian Archipelago, etc., where it is replaced by the genus 
Enithares. The genus is divided into five siibgenera: Paranegta, 
abundant in the Western Hemisphere, is represented in the Eastern 
Hemisphere by a few species in the Eastern Palaearctic and one in 
the Ethiopian. Bichromonecta and Erythronecta are confined 
to the region between Colombia, S. A., and California and New 
Mexico, V. S. A. The subgenus Notonecta is common in Western 
Pahearctie, has a few species in Eastern Patearctic, only two species 
in Nearctie and possibly one in the Neotropical.'^ Finally the sub- 
genus Enitharonecta, which is represented by a single species in 
the West Australian realm, 

Tlie above gives us a picture of the present distribution of the 
subgenera of Notonecta. Unfortunately there is little evidence in 
the fossil remains to help us locate the centers of dispersal, as will be 
seen in the following chapter. Most of our fossils are from the Ter- 
tiary and far too recent and too few to assist us. The one from tlie 
Jurassic suggests that the Notonectinse and the Anisopinae were al- 
ready separated. The I’eiation of the various genera and subgenera 
must be ba.scd, therefore, upon the morphology of present-day forms 
aiid wind we may conjecture from their present distribution. 

ClIilOLOGICAL DISTRIBUTION 

Only a few fos.sil sptaies of the family liave been descrilied, and 
tliesc all ap|)ear to belong to the AnisopiniB. 

The oldest fossil is described under tlie name Notonecta elterledni 
I>ei<‘hiniillerJ''* and comes from the lithograpliic chalk in Bayern 
(Jurassic K Kirkaldy^’^ says it must belong to a new genus and 
Handlirsclr^'^ says it cannot belong to Notonecta S. Str. 

All tlie other fossils are from the Tertiary and all but one from 
the old Tvorld. Six species from the upper Oligocene, one from 
lower Miocene, and one from the Florissant in Colorado (Miocene) . 

Tlie curiously short and thickened front legs of Notonecta jiibata 

§ Kecords are lacking over vast stretciies of this great continent, duo probably to the 
few collections that have been made. 

AT, nigm FiebtT. 

3_3482 
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Schlechtendal and apparently also of N, comata Schlecdit^nidiil and 
N. deidimuMlari Scldecliteiidal make tliein vmlike anything living 
to-day. While Kirkaldy^^' placjes Ah hornacki SehlcMditerida'I as a, 
true Anisops, there is no indication of a stridulatory pri'ituljeraiiee 
on the tibia and tlie thickened femur suggests t,hat tla* specimen is 
a male. 

The other Europe;" species Kirkaldy (dther assigns a |>t)sition 
near Biienoa or iti undescribed genera. To iny mind all of tlieni 
belong in the second category. 

Scudder^s'^^ N. emenoni from the Florissant is also impossible to 
place. If his interpretation that ^T-he median forked line on its 
posterior portion seems to indicate the hemelytral suture of the 
upper surface seen through the body” is true, then the insect is a 
true Anisopinse, because the claval orifice is present. I su|)pc}sed from 
the drawing this was the midventral keel present in all NotonectidaL 
The evidence is not clear that any of the fossils belong to exi.sting 
genera, although tlie general shape is that of Anis()|)iiue. 
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TAXONOMY OF THE NOTONECTA 
The Genus Notonecta Linn.eus 
(L ogotype N . glauca Linnasus) 

1768. Notonecta Linnauia; Systema Natura;, 10th Edn., p. 439. (For other references see 
Vim Duzee’s Catalogue of the Hemiptera, pp. 449-460.) 

1801. Notonecta Linnieus; Lamarck, Syst. Nat. Anim, s. Vert., p. 290, names A. glauca 
Xvinn. as type. 

Besides the diagnosis given in the key, the following character- 
istics may be noted: 

The head shorter than the pronotum. Lateral margin of pronotiim 
compressed dorsoventrally into an edge. Hemelytra clothed more or 
less with short, flattened hairs. Sides of thorax densely clothed with 
rather long, flattened hairs. The infracoxal plates covering the 
bases of the hind coxae not longitudinally carinate but densely 
clothed with long hairs. 

Male genital capsule with or without a ventral digitiform process. 
Claspers f or parameres symmetrical. 

Key to Subgbneka op Notonecta 

A. Last two abdominal sternites of male, normal (not long and slender). Male genital 
capsule not produced caudally on its ventral line, caudal lobes behind claspers not 
greatly reduced. Claspers not largo thin plates. 

B. Genital capsule of male without digitiform process. The last abdominal 
etemite of female not enlarged. 

O. Keel of fourth abdominal sternite usually not bare. Eyes normal in 
size, or if broad not as broad as length of the lateral margin of the 
pronotum. Penultimate abdominal sternite of female not slender. (See 
Plate X.) 

D. Anterior trochanter of male with or without small hook and with no 
ba.sal protuberance. Penultimate abdominal sternite of female more 

or less rectangular Paranecta (Hutchinson). 

DD. Anterior trochanter of male with large, stout hook and a basal 
protuberance. Penultimate abdominal sternite cjf female triangular, 
it.s tip overlapping ba.se of last segment. (Sec text figure 7.) 

7/ i ah TO rn o n cat a ( H u ngerf ord ) . 

CXI Keel of fourth abdominal sternite always bare. Byes unusually broad, 
about UB broad or liroader than the short lateral margin of the fironotum. 
Penultunato abdominal sternite of femalcj slander. .Erythronccta (Hungerford). 
BE. Genital capaulo of male with a digitiform process. The last abdominal 
sternite of female enlarged and usually constricted just liefore the tip. 

Notonecta (Linnfcua). 

A A, Last t,wo abdominal sternites of male long and slender. Male gmiital capsule pro- 
duced caudally on its ventral line, caudal lobes behind claspers reduced. Claspers 
large thin plates. Known only from Australia Bnitharonecta (Hungerford). 


* Mr, Hutchinson add.s statements regarding the venation of tlio hind wings ; they are 
not correct for the genus. Using his nomenclature Notonecta lobata Hungerford has M-Cu 
strongly “chitinized” and many species .show Cux and Cus not only “chitinized” at base, but 
complete throughout and united distally as in his figure of the wing of Enithares sobrina Stal 
(Plate XXVII, fig. 5.) 

t Snodgrass proposes the name harpagones for these. 
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Subgeniis Paranecta Hutchinson 1929 
(Type species Notonecta laclitmts Kirkaldy) 

Ilut.eliinson, G. E., Annals South African MuHnim, Vol. XXV, I't. rt, |u th;::, 

Notonecta in wliicli tlio intilv genita.l capsiik* lacks a. disitiforin 
process and in whicli the females have the first })air of gonafiof)li\^ses 
short and weak. The females have the penultimate alxiominal 
sternite rectagular. The last abdominal sternitc' of female is not 
large and is usually incised at tip (see Plate X, fig. 3). Tlie (li|)loid 
number of chromosomes for those known is 2(). 

Subgenus Bichkomonecta Hiingerford 11)34 
(Type species Notonecta shooferi Uliler) 

Hungerford, H. B., ,T1. Ktms. Ento. Sue., Vol. VII, No. JC p. DH. 

Notonecta of compact form with two color pliases, one luteoiis and 
the other pigmented. Tiie luteous form has reduced fliglit wing, 
reduced posterior lobe of membrane, smaller scutellurn and li‘ss 
prominent humeri, resulting in more nearly parallel lateral margins of 
pronotum. The pigmented form has normal wings and more ])rami- 
nent humeri. Eyes are flattened and anterior margins oblique; syn- 
thlipsis relatively broad. Anterolateral angles of pronotum eml)rac- 
ing the eyes and lateral margins straight to convex. Tlic fcunales 
have the penultimate abdominal sternite triangular, its ti|) notched 
and overlapping the base of the last segment (see text iigurt‘S, p. 
101). The males have a protuberance at the angle and a bi^oad 
stout hook on the anterior trochanter (see Plate IX, fig. 4). The 
‘internal stay” of the ajdeagus is recurved at tip. 

Subgenus Erythkonecta Hungerford 19;i4 
(Type species Notonecta lobata Hungerford) 

Hungerford, H. B.. Jl. Kuns. Enlo. Soc.. Vol. VII, No. p. {»8. 

Notonecta of compact form, usually red and black in (ador. 'Hu* 
genital capsule of the male lacks a digitiform process and tlu' ^‘in- 
ternal stay” of sedeagus is heavily sclerotized. The first pair of 
gonapophyses of the female is short. The so-called fourtli af)doini- 
nal sternite is broad and short in both sexes and the keel is bare*. 
The penultimate abdominal sternite of the female is very slcmder 
and the last one is narrow and usually emarginate at tip (see Plate 
X,fig.l). 
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Subgenus Notonecta Hutchinson 1929 
(Type species Notonecta glauca Linn.) 

llutrliiiLson, G. E., Annuls Soiiih African Museum, Vol. XXV, p. SOIV 

Notonecta in which the male genital capsule is provided with a 
digitiforrn process and in which the females have the first pair of 
gonapopliyses well developed. The last abdominal sternite of 
female is large and usually constricted just before the tip, which is 
not incised. The diploid number of chromosomes for those known 
is 24 (see Plate X, fig. 4.) 

Subgenus Enitharonecta Hungerford 1928 
(Type species Notonecta handlirschi Kirkaldy.) 

Hungerford, H. B., Annals Ento. Soc. America XXI, p. 143. 

Resembles other Notonecta in general appearance, but decidedly 
unlike them in shape of last two abdominal sternites of male, which 
are long and slender, and in the shape of the genital capsule of the 
male, which is produced cadually on its ventral line. The claspers 
or paraineres are large, thin plates convex without and concave 
witliin. The caudal lobes of the capsule are greatly reduced. (See 
Plate VIII, fig, 4.) 


NOTONECTA OF EASTERN HEMISPHERE 


Key to Notonecta of Eastern Hemisphere 


1. Small species, not to exceed 12 mm. lung or 4 mm. across hunu-ri^ 

Spccie.s larger than above 

2. Sp(*ciM plump. Middle femur with distinct spiniferous tubercle near base of rear 

margin. Last two abdomimil sternites of male slender... N, handlirschi. 

(Australia, p. 27.) 

Species alend(u*, .at least three times as long a.s broad. Middle femur withoiit the 
ilist-inet tiiliereh* mentioned above. Last two abdominal sternites of mah* 

normal A', hirtilufis. 

(H. Africa, p. 28.) 

3. M4tlo geniinle caieaih* withmit digitnt(* lu’olongution ; hast alKlominul stiTniie of 

hmtale not large and constricted near the tip. (See Idatc X, fig. 3). 

Male genital (’apsulc with digitatei prolongati<tn; females of most sp<'<'ies with last 
abdominal Bternile. large ami (umstrictc'd near the tip. (See Plate X, fig, 4).. .. 

4. MoHotnichanter right angulute A', kirkaldyi. 

(( tliiim, p. 30.) 

Me.witro(dinnter wltli ungle prmlueed 

6. Typnail color, re<i and bhick. 

Typical color flavous and black 

6. Hair on ventral .side of l»ody silvery gray to light brown. I.atcral mai'gin of prono- 
tum not sliarp -edg'd. Anterior margin <»f \'ert(.‘x, seen from aliovo, not 


flattened N , chmenm. 

(Ghiua, p. 31.) 

Hair on ventral sidts of body Vilack. I.(jit(>ral margin of pronotvun sharp -(Klged. 

Antcrietr margin of vertex, .seen fr<tm above, flattened N. saramoa, 

(Formo.m, p. 32.) 


(21 

(3) 


(4) 

( 0 ) 


(ro 

CO) 

(7) 


* Fmm:m described his N. pallidula as 11. nuii. to 13 mm. long; all siwiineas I hav® 
seen ap^ at Imst broader than 4 mm. and most tjf them longer than 13 mm. 
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7. Mesotrochanter produced, but not into a long, aluirp, thornlikf process.... ... (Hj 

Mesotrochanter produced into long, sharp, thoniIik«i proccs.s. (8ee Plftte I X. I 

N. kiamjm. 

{ (’hiiiH, |>. i'lH. ) 

8. Connexivum black beneath .X. mmrdmin, 

i !'!. Hibenii, ii, Ik'i.) 

Connexivum green to flavous X. tri^futfnta, 

(.lapuu, i'». Jbk) 

<). Mesotrochanter right ungulate. General fade.s reddi.sh“(tranK(‘. unevenly marked 

with black * montandcmi. 

(C'hina, p. MT.) 

Mesotrochanter rounded i ICfi 

10. Last aV)donunal sternito of fcjuule not constricted near the lij). (l^ee Plab‘ X, fu!!:. !ib (1! ) 
Last abdoniinal siernite of female coinstrieted near the tij:* (.see Plntc X, fig. L) or 

lart^e and depres.sed on sides 1 ) 0 fore the tip (14) 

11. .Scutolhim pale, .sordid brown N, pallkiuia. 

(N. Africa, p. m.) 


12. 


13. 


16. 


17. 


Seutollum black 

Anteapical tooth of nioaofemur of nonnal size. (8e(‘ Plaf(‘ \'I, fig. 6.) Mi’lnnoturn 

and finst alxlorninal tergile orange or yellow 

Anteapical tooth of inesofemur uninsually long. Metanotuni black. .. . A', awarienm. 

(Canai'.v Islands, p. 40.) 

Anterolateral angles of pronotuin slightly produced Ak mntuhUa, 

(Western and Sonlliern Europe, North Africa, and eastward to India, p. 41.) 
Anteroluteral angles of pronotum obtuse .....jV, fnvmertzhugefn.. 

(Hoggar Mountains in 1lu‘ iSahani, p. 44.) 
Last abdominal siernite of female large and slightly d<‘i;>re.ssed on the sides licfore 

the tip A'. arabum«iiL 

(Arabia, p. 44.) 

Last abdominal sternitc of female strongly depressed on the side.H before the tii* or 

strongly constricted before the tip 

Anterior angles of pronotum not acute or closely embracing the eye.s. (See Flab’ 

VIII, fig. S) 

Anterior Angles of pronotum acute and closely embracing the eye.s. (Bee Flute 

XVII, %. 4) 

Scutellum typically entirely black 

Seutollum not entirely black 

l^arge reddish species, more than 0 mm. across humeri N, vinlacm, 

f Burma, p, 4 Ik) 


(12) 


(VI) 


(ir.) 

(P:5) 


(245) 

(17) 

(25) 


Species not surpassing 6.4 mm. across humeri (18) 

18. Hemelytra typically yellowish or flavous, lacking oblique stripe.s (If*) 

Hemelytra reddish or brownish, inaculati’d or not. i 

19. Hemelytra typically yellowish or flavous, witli Imiwnish or bhuskish maculatiosci 

(.sometimes confluent) along costal margin, and often a t,mnHverHc: .Mi>ot at aj*e\ 

of clavus and internal angle of corium W. alnum ghurd. 

(Northern Europe and south wan'd to CAadrnl l''nuu'c, i», 4(5.) 
Hemelytra yellowish or flavous with a broad transverse black liand covering di.sfitl 
third of corium, tip of clavus and liasal portion of membrano. .N, (jlauca pommii, 

(Asia Minor, p. 49.) 


20. Hemelytra reddish or brownish, maculated or not (ill) 

Hemelytra largely velvety black with one or two flavous stripes at, the base. (ib), I 


21. Hemelytra more or less strongly maculated, presenting at the base either one imUi? 
longitudinal stripe on the clavus, or two such stripe.s, one on the clavus and the 

other on the corium N, giant a hi/brida. 

(Southern France to North Africa, 50.) 
Hemelytra generally clear reddish, sometimes with some vague markings of dull black 
in the marginal canal and some drop-shaped spots on the disc. 

JV, glauca rufescens.* (N. glauca fuhmf) 
(Southern Europe, N. Africa, |k 51. ) 


* Doctor Poisson mentions a new subspecies. N. glauca kmnllci, froni Asia Minor, whiiii 
he says is related to this. 
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22. Sizu usually 15 to 1(5 mm (23:) 


Size usually 13 to 14 mm. (If larger with only one pale stripe on hemelytron) (24) 

23. Ilemelytra with two very clear flavous stripes at the base, the one on coriiim a little 

sliorter than the one on the clavua N, obltQua obliQua. 

(Northern Europe to Central France, p, 51.) 
Hcmelyt.ra as above, plus one large flavous spot beyond distal end of the stripe 

on corium N, obliqua delcourti,^ 

(Belgium and Nortluvestern France, p. 54.) 

24. Hemelyira with two flavous stripes, but the one on coriurn more or less restricted 

or only the claval stripe present, and perhaps some yellowish spots in place of 

the corial stripe AT. obliqua mendionalis. 

(About the Mediterranean, p. 54.) 

26. Size very large: 17 mm. to 18,3 mm. long. Last abdominal sternite of female 

greatly and abruptly constricted before the tip. AT. amplifica. 

(El. Siberia, p. 56.) 

Size seldom over 15 mm. long. Last abdominal sternite of female only moderately 

and not abniptly constricted before the tip N. lutea. 

(N. Europe, p. 56.) 

26. Scutellum seldom entirely black, sometimes entirely pale. Anterior trochanter of 

male with a hook (27) 

Scutellum solid black. Anterior trochanter of male with .slight elevation (28) 

27. Synthlipsis usually not over half the width of the eye. Last abdominal sternite of 

female only moderately and not abruptly con.stricted before the tip. Male 

clasper as on Plato XVII, fig. 2 N. lutea. 

(N. Ehirope, p. 56.) 

Synthlipsis over half the width of the eye. IjUsI abdominal sternite of female 
abruptly constricted before the tip. Male clasper as on Plate XVII, fig. 1, .N. reuteri. 

(N. Europe, p. 59.) 

25. Hevnelytra flavous or greenish flavous, co.stal margin often maculated and a dark 

X-sIiaped figure at tip of hemelytral commissure N. viridis viridis. 

(Western Europe from France southward, north Africa, p. 00.) 

Hemelytra largcdy niaculated (29) 

29, Anterior margin of head a.s seen from al:>ove slightly convex. Genital claspers of 

male like above N. viridis mediterranea. 

(Mediterranean region and eastward, p. 63.) 
Anterior margin of head as seen from above flattened. Genital claspers of male as 

shown on Plate XVII, fig. 5 N. viridis kashmiriana. 

(Kaslnnir, p, 65.) 

Notonecta handlirschi Kirkaldy 1897 

(Color Plate IV, fig. 2, Plates VIII, fig. 4, and IX, fig. 7.) 

1897. N. lumdlirschi Kirkaldy, Trams. Ento, S'oe. London, p. 408. 

loot. N, handlmchi Kirkaldy, Wien. Ento. 55eit. x.viii, p. 132, 

1923. N, handlmchi Kirkaldy; Hale, Rec. S. Aust. Mus., Vol II, No. 3, June 30, p, 418. 

1928. N. handlmchi Kirkaldy; Hungerford, Annals Ento, Soc. Arner. xxi, p. 143, PI. ix, 

tig. 6. (Fig. genital capsule.) (New subgenus Enltharonecta.) 

1!)20. N, handlirschi Kirkaldy; Hutchinson, Annals of the vSouih African Musetim, Vol. 
XXV, Part 3, p, 3(!3. 

Size. Length lO mm, to 10.5 mm.; width of pronotum 3.5 mm. to 

4 rnm. 

Color, As sliown on Color Plate IV, fig. 2. A species with reddish 
hemelytra sometimes nearly black, with clavus dark reddish brown. 
Metanotiirn and dorsum of abdomen rufotestaceous. Venter black. 
Structural Characteristics, Anterior outline of head viewed from 


A variety, not a Hu1:>yp(M:ivH. 
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above fiatteried; vertex sliglitly shorter ilian its [interior width; 
margin of vertex less convex than tlie margin of tlie eyi*; anterio!* 
breadth of vertex:synthlipsis: :22:13.'*^ Pronotiirn twice the Ifaigth 
of the head; lateral margins straight iind moderately divergi'iii; 
anterolateral angles produced forward beyond the oandolateral imvr- 
giiis of tlie eyes; lateral ledge as seen from the side slightly curved, 
oblique and about as long as rear margin of the (‘ve l)i‘io\\' i(\ 
Scutellum longer than the pronotiim. Hemelytral comiinssurc^ 
shorter than pronotum; posterior lobe of membrane well develoiied. 
Anterior trochanter of the male without hook or elevation, Meso- 
trochanter rounded or faintly angulate; mesofemur with distinct 
spiniferous tubercle on base of caudal margin; the distal incso- 
femoral tooth not prominent. The last two alidominal stei'riit(‘s long 
and slender in the male; the lobe of ninth tergite slender lual 
pointed. The male genital capsule as sliown on Plate VHI, fig. 4. 
The claspers are thin plates, convex without and concave witliiii; 
as one views the clasper from the rear there is a recurved, sliort suh- 
marginal fold parallel with the upper margin; a much lesser thick- 
ening occurs before the tip below the upper margin; neither of tliese 
is visible from the lateral view. 

Location of Type, Two males in the Vienna Museum. They bcair 
the label ^‘Fischer, Austr. Post 1 , 1878 .’’ One of them now (1928) 
has the abdomen damaged by dermestids. 

Comparative Notes. This species, the only one in the genus re- 
ported for Australia, appears to stand c|uite alone. For this rerison 
I have placed it in a subgenus by itself. 

Data on Distribution. There is a male s|)eoimen in the British 
Museum labeled ^Western Australia, 1922-1923, B. K. lanmsT In 
this specimen the scutellum is black and tlie liemelyira nearly lilack, 
with the edavus dark reddish brown. 


Notonecta lactitans Kirkaldy 1897 


(Color Plates IV, fig. 3 and V, fg. 12; Plates VHI, fig. S) and IX, li«, s . ) 


1897. N. lactitans Kirkaldy, Ann. Mag. Nat. Hist., (tl) ji. 58. 

1897. N, lactitans Kirkaldy, Trans. Ento. Soc. London, p. 405. 

1904. N, lactitans Kirkaldy, Wion. Ento. Kelt., xxiii, p. 132, 

1925. N. lactitans Kirkaldy; Hungerford, Annals Ento. Soc. Am., xviii, \\ |I 7 . 

1929. N. lactitans Kirk.; Hutchinson, Annals of South African Museum, stxv, Pt. j»p.:{r,3 
and 366-368. (Type of Paranecta subg. n.) PI. xxvii, figs. 3, 2 and 8 (HcnM wtri pronotum. 
mesofemur and hind wing); PI xxviii, figs. 1, 2 and 3 (Genital cap.uli*, ncdcugus and clasper); 
Pi. xxix, figs, 10 and 11 (Head and pronotum of ? 3rd and 6th inatars). 


, not quite as wide as synthlipsis.*' 

which I have examined on two occasions. 


This is not true in t!m 
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Referring to this species, also: 

1897. N. lactitaiis var, st^/gka Kirkaldy, Trans. Ento. »S'oc. London, p. 400. This is the 
male of iV. hwHtam Kirk. 

1904. N. liwtifrnt.H var. sfyf/im Kirkaldy, Wien. Ento. Ztut., xxiii, p. 132. (Name listed 
only.) 

Size, Length 10.5 mm. to 12 mm. The females longer than the 
males. A slender species that is at least three times as long as 
broad. 

Color, A yellowish gray and black species as shown on Color 
Plates IV and V. The males are darker than the females. Scutellum 
is black. Scutellum and hemelytra covered sparcely with short, fine, 
golden pubescence. Abdominal dorsum and venter dark. 

Structural Characteristic^^. Head small, notocephalon very faintly 
longitudinally carinate on posterior half. Vertex broad at base. 
Anterior breadth of vertex : synthlipsis : : 5.6 :3.5. Pronotum twice as 
long as the head, anterior angles obtuse, lateral margins slightly 
divergent and sinuate; lateral marginal ledge nearly straight termi- 
nating caudally below the humeral elevation. Scutellum slightly 
longer tlian the pronotum. Outer lobe of membrane very slightly 
longer than inner. Anterior trochanters of male without liook. 
Mesotroehanters slender, rounded, a small tuft of long hairs at the 
base. Mesofemur with tuft of bristle-like hairs on basal angle of 
rear margin. The subapical tooth directed slightly toward apex. 
Small tuft of liairs on median line of tlie short third ventral abdo- 
minal segment, fourth ventral abdominal segment longest, terminal 
one in female deeply notched. Male genital capsule as shown in 
Plate VIII, fig. 9, First pair of gonapophyses of female short. 

Location of Types. Kirkaldy recorded the type as being in his 
own collection and listed: Africa, Guinea (my coll.) ; Gaboon 
(Vieima Mus.); Cape of Good Hope (Paris Mus.)”. The type, a 
female, l)roken and dismembered is in the TJ. S. N. M. with the 
Kirkaldy collection. In the Vienna Museum there is a female 
labeled cotype and ^^Gaboon Coll. Signoret.” Thorax on the left 
side has been eaten by dermestids (1928). In tlie Paris Museum 
there is also a female bearing a red label “Comp, with type l)y 
Kirkaldy in Kirkaldy Coll’’ This is the specimen mentioned by 
Kirkaldy as from Cape of Good Hope. It carries the label “Museum 
Paris. Cap de Bonne Esperancc. Dclalande 1820.” The type of 
N. lactitam var, stygica Kirk, is in the British Museum. It is only 
the dark male of N. lactitans Kirkaldy. 

Comparative Notes. The most slender Notonecta known and the 
only representative of the Genus in Africa south of the Sahara. 
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The males are usually darker than tlie females, tlie liemelytra. being 
blaekisli with the outer margin of the embolium, strejik on out:C‘r 
edge of daviis and a spot on tlie inner part of ttie posterio^r margin 
of the eoriiim dull yellow. As Mr. Hutchinson lias |)ointed out, this 
species is quite distinct, but more nearly i*elat;ed to tlie WestooTi 
Hernispliere forms than to the European. It is the ty{)e of Iliitciiin- 
son’s subgenus Paranecta. 

Data on Dktribution. Besides tlie type localities listed by Kirk- 
aldy, Mr. Hutchinson has recorded some thirteen collections in the 
Gape and believes that: the Gape Peninsula iliere is a migration 

from mountain pools in the autumn to low-lying watcM’s on th(‘ (^apt* 
Plats and elsewhere in which the insects breed, the newly emerged 
adults then ascending and populating tlie locality's left by tlieir 
parents.” I have specimens kindly sent to me by F. W. Pettey from 
Elsenboiirg, S. Africa, and from Muilder’s Vlei, Cap. Prov. There 
are four specimens in Dr. Herbert Osbornes collection ‘Tlei Su lb’. 
Common June 6, 1909.” 

Character of Habitat, The specimens sent to me by Mr. Pettey 
are from a clear mountain stream pool. Hutchinson records collec- 
tions from reservoir, bog, pond, weedy pool and pools in streams. 
The elevations range from low flats to a pool near the top of a pass 
in the mountains. The highest elevation he gives is 4,200 feet. 

Life History Notes. Hutchinson says the eggs are unknown, Imt 
presumably are laid on submerged objects without being iinbcH'lded. 
He desci’ibes what he believes to be the tliird, fourth and fiftli 
instars. 

Notonecta kirkaldyi Martin 1902 

(Color Plate V, fig. 9; Plato XV, fig. li) 

1902. N. kirkaldyi Martin; Bnll. Mus. dMliat. Nat. (Faria), viii, p. aan. 

1904. V. kirkaldyi Martin; Kirkaldy, Wion. Enin. 55eit., xxiii, pr>. OB and i:{2, 

1926. iV. kirkaldyi Martin; Esaki, Notnla l?ntoinologica‘, v. p, 14. 

1925. N. kirkaldyi Martin; llimgerforcl, Atinal.^?. Pinto. Sf>e. Am., xviii, p. 41H, 

Size. Length, 13 mm.; widtli across thorax, 4.6 mm. 

Color. A reddish orange and black species. Head and linil).s of 
usual testaceous color. Scutellum black. Hemelytra reddish orange 
and black; the distal end of clavus, a stripe on corium bordering 
clavus and a broad irregular band of black crossing distal luilf of 
corium; the membrane is dark brown to black. 

Structural characteristics. Anterior breadth of vertex : synthlip- 
sis :: 7:3; head appearing fairly long; its length to that of prono- 
tum :: 2.5: 4.2. Lateral margins of pronotum diverging and nearly 
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straight: anterior angles normal; lateral ledge, seen from tlie side, 
straight witli rear end turned upward beneatli the humeral eleva- 
tion. The scutellum a little longer than pronotum (nearly 5 to 4) . 
Posterior lobe of membrane slightly longer than anterior. Anterior 
trochanter of the male without hook or tooth. Mesotrochanter 
right angiilate, Mesotibia with slight prominence on rear margin. 
Female not examined by me. Male genital capsule as shown on 
Plate XV, fig. 3. 

Location of Type. Paris Museum, cotypes in U. S. N, M. and in 
my collection. 

Comparative Notes. A smaller species than N. chinensis Fallou 
and witli the trochanter of middle leg right angiilate instead of 
acutely angiilate. 

Data on Distribution, Described from ^‘Yun-Nan-Nansen (Mgr. 
Excoffier) R. Oberthur. 1898.’’ Thei'e were 31 specimens in the type 
series in the Paris Museum, all labeled as above. 

Notonecta chinensis Fallou 1887 

(Color Plate V, fig. 8; Pluto XV, fig. 8.) 

1887. N. cJiinensh Fallou; Le Natiiraliste (Deyrollc Paris), viii, p. 413. 

1894. N. chincnsk Fallou; Bergroth, Rev, Ento. franc., xiii, p. 164. Redescribed at 
length.) 

1807. N. chinensis Fallou; Kirkuldy, Trans. Ento. Soc. London, 1807, pp. 415, 41G. 

1004, N. chinmsis Fallou; KirkaUly, Wien. Ento. Zeit., xxiii, pp, 05 and 132. 

1012. N, chinensis Fallou; Oshanin, Katalog der paliiarktisehen Heinipteren, p. 01. 

1926. N. chinensis Fallou; Esaki, Entomolog, Mitteilungen, xiv, 1926, Nr. 6/6, p, 312. 

1025, N. chinensis Fallou; Hungerford, Annals Ento. Soc. Am., xviii, p. 418. 

1030. N. chinensis Fallou; Hungerford, Bull. Brook. Ento. Soc., xxv., No. 3, p. 138. 

1030. N. chinensis r'allou; Kiritshenko, Annuairc du Musee Zoologique de I’Acad^mie des 

Sciences de iUI. R, S, S., p. 434. 

Referring to tins species, also: 

1873. N. sinlt'a Walker, Cat, Hem.-Het. Brit. Mus., viii, p. 204. (Kirkaldy.) 

Size. Ijengtli, 13-14 mm.; width across tliorax, 4.5 mm. to 5.1 
irim., the females averaging a little larger than the males. 

Color, An orange-red and black species. Head, pronotum and 
limbs light testaceous. Face, limbs and connexivum beneath may 
be greenish. Scutellum black. Hemelytra orange-red to red-brown 
with an undulating bluish-black band (occasionally represented by 
scattered spots) extending from suture to lateral margin, near the 
apical margin of the corium, but diverging from that as it approaches 
the lateral margin; membrane bluish-black. 

Structural Characteristics, Eyes close together at synthlipsis; 
anterior breadth of veHex : synthlipsis : : 26 : 7; head about five- 
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eights as long as pronotum. Lateral margins of proiiotiiin iii\''c:‘rgent 
and sinuate; anterior angles somewhat produced; lateral ledge; as 
seen from the side slightly sigmoid. Scutellum a little longer tliaii 
pronotum. Lobes of membrane about equal in lengtli. Anterior 
trochanter of male with a median raised dentation in place of liook ; 
mesotrochanter acutely angulate, the angle produced. Terminal 
abdominal sternite of female with lateral margins concavr* and 
apex shallowl}^ notched. Female gonapophyses of moderate length. 
Male genital capsule as shown on Plate XV, fig. 8, 

Location of Type. Fallon collection in Paris Museum. Tlie inale 
type is from Fo-Kien, 

Comparative Notes. This species is readily separated from otlmr 
oriental Notonecta (except N. kiangsis Kirk, and N. saramoa Esaki) 
by the very narrow interocular space (synthlipsis). V. kdangsis 
Kirk is very different in color, more slender in form, and tlie angle 
of the mesotrochanter is produced into a long, sliarp thorn-like 
process. 

Data on Distribtition. Kirkaldy says, ^^Well distributed over tlie 
Chinese Empire” and gives the following: “Pekin, Kian-Si, Se- 
Tchouen, Chen-Si (Paris Mus.) Kin Kiang (? Chin-Kiangf , Foo- 
Chan (Brit. Mus.) Fo.-Kien (Fallou and Bergroth Co.), Ngan 
Hoei, (Montandon and my colls.).” 

The following additions I have noted: “Prov. Fo Ivieii (Cliina) 
G. Siemssen vend. 31-V-1904 (Hamburg Mus.)”; “Chin Kiang, 
China V, 20, 1924, E. Suenson” (my coll.) ; Peking, Cliina, Oct., 
1925, P. W. Claassen, (my coll and Cornell); Hweisiii. Kansu, 
China (my coll). 

N otonecta saramoa Esaki 1933 

(Plato XV, figure 7) 

1938. N. sdramoa E.suki ; Trans. Nat. Hist. Soe. Formosa, VoL XXII, ]ip. 4’ri 49Ii. 

Size. Length, 13.5 mm. to 14 mm.; width aer()s>s thorax, 1.5 iiiim 
to 5 mm. 

Color. An orange-red and black species resembling vei'v closely 
N. chinensis Fallou. The broad, black band commonly pr(‘seiit 
across the end of the clavus and corium in N. chinensis Fallou is re- 
placed by three angular spots in the four paixatypes l)efor(‘ me. 
However, the species from China sometimes has identically these 
markings. Hair on ventral side of body black. 

Structural Characteristics. Eyes close together at synthlipsis; 
anterior margin of vertex, seen from above flattened; anterior breadth 
of vertex : synthlipsis ; : 29:9. Head about half as long as pronotum; 
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lateral iriargiiis of pronotiim divergent, slightly sinuate in the male, 
more in the female; anterior angles somewhat produced; lateral 
ledge as seen from the side thin and sigmoid. Scutellum a little 
longer tliaii piunotum. Lobes of membrane about equal in length. 
Anterior trochanter of male with a median raised dentation in place 
of a hook; mesotrochanter acutely angulate, the angle produced. 
Terminal abdominal sternite of female with lateral margins concave 
and apex faintly incised. Male genital capsule as shown on Plate 
XV, fig. 7. 

Location of Type. In collection of Professor Teiso Esaki. Pour 
paratypes in the Francis Huntington Snow Entomological Museum. 
These paiTi types are labeled: ^Tormosa,” '^Meoto-ike (Taichu-shu) 
near Kiiimgigaoka, 8,000 ft., 17 -VII, 1932, Teiso Esaki.” and were 
collected in a small pond with the holotype in central Formosa. 
Other paratypes w^ere collected in Mururoafu-no-ike, a larger pond 
7,500 ft. in Taiheizan district, Northern Formosa, on July 23, 1932, 
by Professor Esaki, Paratypes will also be found in the collections 
of the Go^’ernment Research Institute of Formosa, Taihoku and in 
tlie British Museum. 

Comparative Notes. This species is near N. chmensis Fallon, from 
wliicii it is distinguislied by its more truncate head, by the thin 
lateral edge of pronotum, by the black hair on the ventral side of the 
body, by shape of genital capsule and mesotrochanter. 

Data 071 DMiibution. Known only by the type series from 
Formosa, 

Notonecta kiangsis Kirkaldy 1897 

^ (Color Plate V, lig. 1; Plate XV, fig. H.) 

rsifi*. ,V. //«/« Faliou vur. kumyrns Kirkaldy, Tranw. Ento. Soc. London, 1897, p. 416. 

1901, A', rhinram Faliou var kkinf/m Kirkaldy, Wiea. Ento. Zeit., xxiii, p. 132 (lists 
msiue (tidy). 

rj'LL N, kiangtii!^ Kirkaldy; Esaki, Notul. Eatom., Helsingfors v, p. 15. 

.V. kiwigHis Kirkaldy; Hutchinson, Annals S. African Museum, xxv, pt. 3, ji. 303. 

1930, ,V, kimgd$ Kirkaldy; Hungerford, Bull, Brooklyn Ento. Soe,, xxv, p. 138. 

1930. N, kkmgsh Kirkaldy; Kiritchenko, Annuairo du MtlsrHi Zool. de I’Acadihxiie dea 
Scieneea dc! riJIlSa, pp. 436 and 440. 

Referring to tliis species, also: 

1925. A. hirgrothi Ewaki, Notul. Eniom. Helsingfors v, p. 14. 

192.5. N. bergwthi Esaki, Entom. Mitt,, Berlin -Bahlem, xiv, p. 313 (fig. 1). 

1925. A. surnumii Hungerford, Annala Ento. Soc. America, xviii, p. 417. 

1920. .V. f^uefLsoni Hungerford, Armais Ento. Soc.' America, xix, p. 92. (tSyn. note = N. 

bergroOii Esaki). 

Size. Length of male, 12.5 mm.; of female, 13.8 mm.; -width 
across the eyes, male, 2.28 mm.; female, 3 mm.; width across widest 
part of pronotum, male, 4 mm., female, 4.5 mm. 
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Color. General cooler luteous, Scutellum black* Sparse silvin^v 
pubescence on hemelytra. Brownish-black band along apical margin 
of clavus (caAidal half of elytral commissure) ; slender, t)row’ii 
on base of clavocorial suture, and another longitudinal line on disk 
of corium; margins and distal third of cmboliiim more {):r less lirown- 
ish; distal portion of corium marked with two nearly quadrate 
brownish-black areas, one before the other, the posterior one iarg(‘r 
and both covered with conspicuous silvery hairs; inner angle of 
corium and inner base of membrane embrowned. Venter black. 
The ventral side of the connexivum greenish. 

Structural CharacteriMics, Head long; eyes close togetlicr at 
synthlipsis; vertex : synthlipsis : : 5:1. Lateral margins of |)iA::)notAun 
divergent, sinuate, and narrowly explanate; anterior angles acute; 
lateral ledge, as seen from the side, faintly sigmoid and ending 
caudally just beneath the humeral elevations, wliich are not marked. 
Scutellum slightly longer than pronotum. Anterior lobe of liemely- 
tral membrane slightly longer than posterior lobe. Anterior troclian- 
ter of male with a small tubercle, two-fifths of distance from !)ase 
to apex. The angle of the mesotrochanter produced into a long, 
slender, pointed process. Small hair tuft on median line of third 
ventral abdominal segment, fourth ventral abdominal segment long- 
est. Last ventral segment of female but shallowly notched. First 
pair of gonapophyses of female short. Male genital capsule as 
shown on Plate XV, fig. 5. 

Location of Types, In Paris Museum. At the end of his dis- 
cussion of V. chinensis Fallou, Kirkaldy says: ^'To tliis species 1 
have referred four specimens in the Paris Museum (from Chen-Si, 
Se-Tchouen, and Kiang-Si) which seem sufficiently distinct to bear 
a varietal name — kiangsis var. nov.^^ This was followed by a short 
description of color. Since Kirkaldy gave it as a varitdy name, and 
gave only a color description, it was assumed by both Professor 
Esaki and me that his variety was structurally identical witli N, 
chinensis Fallou, We, therefore, independently, but the same year, 
1925, described as new, specimens that came to our hands. Somc;- 
time later Esaki found three specimens in the Paris Museum labeled 
by Kirkaldy ^^Notonecta chinensis Fallou var. 1897’’ that bear the 
locality labels mentioned above. While not bearing the name 
kiangsis nor marked types, they certainly are to be so considered. 
In 1928 I also examined these specimens. How anyone of Dr. 
Kirkaldy’s experience could have thought them to be a variety of 
N. chinensis Fallou is a puzzle to me. 
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Comparative Notes, This species is very distinct from any others 
of the orient. It differs from all of them by its pale color and more 
slender shape. It differs from iV. montandoni Kirkaldy, N. violacea 
Kirkaldy, N, Kirkaldyi Martin and the N, glauca gvoiip in having 
the angle of the mesotrochanter plainly produced. In this respect it is 
like N, triguttata Motsch. and N. chinensis Fallou, from wliich it 
is readily separeited by this process being longer and sharper. The 
claspers of the male are also different. 

Data on Distribution, Esaki described his specimens from Amur 
and Ussuri and says in his 1927 paper: ^This species is now known to 
be widely distributed in Central and Northeastern China and East 
Siberia.” There are also many specimens from South Ussuri in 
the Zoological Museum of the Academy of Sciences, St. Petersburg 
(Leningrad) and a single specimen from ^^China rneridionalis in 
the Hungarian National Museum, Budapest.” My specimens are as 
follows: ‘^Shanghai, China, April 22, 1923; E. Suenson. (Holotype 
and allotype of N. suensoni Hungerford”; ^^Tsing Hua Col. Peking, 
China, 11-8-1924, P. W, Claassen”; another collection in 1925 at 
same place by Doctor Claassen; Mr. Suenson also sent me some 
collected April 18, 1926, from Shanghai; Hweisin, Kansu, China 
(my coll.) ; Dr. Kiritshenko gives southeastern Siberia, Manchuria, 
Korea, North China and the oriental region. 

Character of Habitat, I have no data on this point. 

Notonecta immediata Kiritshenko 1930 

(Color plate V, fig. C.) 

1030. N. immediata Kiritshenko, Anniaire du Mus6c Zoologique do I’Acad^mie des Science!* 
(1(‘ ni. IL S, S., p. 438. (Figs. 6, 0, O and 10.) 

Thanks to the kindness of Doctor Kiritslienko, I possess a female 
paratypc of this species. Aside from the difference mentioned in 
tlie key, I cannot distinguish it from N, triguttata Motsch. from 
Japan. It may be that the male shows some specific structural 
difference. The punctations on the partype in my possession do not 
clearly separate it from N. triguttata, I quote below Doctor Kirit- 
shenko’s description and notes: 

“ ^ . Corpus elongaturn, sat angustiun, supeme et inferne fere totum 
Bigriim. Caput, f route, viridi excepta, et pronotum siiperficie superna tota 
nec non inferne limbis lateralibus sat latis albida. Hemelytra nigra, clavo 
dimidio basali toto, plaga communi clavi et corii, comissuram clavi accupante 
et apicem clavi baud attingente, corii plaga propter venam radialem nec non 
macula parva ad medium suturae membranae sita lutescentibus; exocorio mar- 
gine externo etiam tenuiter lutescenti-limbato, clavo ad dimidium apicalem 
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marginis scuteilaris vitta angusta submarginaii arciiata lutescenti, propter comis- 
siirain clari breviter prolongata praedito; membrana et ventre toto nigris. 
pedibus sordide flavescenti-virescentibus. 

“Caput ante oculos late rotundatum, vertice syntlilipsi tripio laiiore. Pro- 
notum latitiidini siia? anticae aequilongum, latitudine postica diiplo breviiis, 
marginibiis lateralibus a siipero visis subrectis, arigulis anticis rectangularibus, 
superficie superna nitida, tenuiter punctulata; metanotuin totum nigrum. 
S'ciiteilum totum nigrum, opacum, densissime punctatum, apice acuminatum 
et longe attenuatum, latitudine sua basali paullo brevius, Hemelytra demsissime 
punctata, pilis incumbentibus aureis parce tecta, angulo apicali corii multo 
densius piloso, comissura clavi margine scuteilari aequilonga, lobis meiiibramn 
aequalibus et aequilongis. Abdomen supra nigrum, segmentis 4 ultimis margine 
externo flavescenti-maculatis. 

“Long, corporis 13.5-14 mm., long pronoti 2.6-2, 8 mm,, lat. hemelyli'orum 
4.4-5.1 mm., lat. synthlipsis O-T-O-S mm. 

“Habitat in prov. Primorskaja Sibiriae orientaiis: Novokievskoje in litore 
sinus Posjet (27-28 IX 1928, Prinada leg., Posjet (11 V 1928, Volk leg.). 

“Species supra descripta ad sectionem specierum generis orientali-asiati- 
carum: N. triguttata Motsch., N. chinenm Fallon, N. kirkaldyi Martin, N, 
kmngsis Kirk, pertinet, ex quibus N. triguttata Motsch., specie japonica valde 
affinis et similis, differt statura angustiore et longiore, connexivo, ventre et 
maxima parte hemelytrorum nigris, hemelytris praecipue clavo et exocorio 
distinctius punctatis; a N. kiangsis Kirk., specie alia iissuriensi, ningnitudine 
majore et latiore, colore, vertice latiore facile cognoscitur.” 

. Notonecta triguttata Motsch. 1861 

(Color Plate IV, fig. 4; Plate XV, fig. 6.) 

ISOL iV. triguttata Motscliulsky, Etudes Ento., x, p. 24. 

1897, N. triguttata Motsch.; Kirkaldy, Trans. Ento. Soc. London, p. 417. 

1904. N. triguttata Motsch. ; Kirkaldy, Wien. Ento. Zeit., xxiii, p. 95, 1S2. 

1912. N, triguttata Motsch.; Oshanin, Katalog der paliiarktiscTien Heinipteren, p. 91. 

3925. N, triguttata Motsch.: Esaki, Notulae Entomologicie, v, p. 14, fig. 2. (Figures 

head and pronotum.) 

1925. V. triguttata Motsch.; Hungerford, Annals Ento. Soc. Am,, xviii, p. 418, (Noitw.) 

1928. N. triguttata Mot&ch. ; Hutchinson, Ento. Mo. Mag., Ixiv, pp. 90, 37. (Eigimw 

male genital capsule.) 

1929. N. triguttata Mot.sch. ; Hutchinson, Annal.s South African Mummuh xxv, PI. 3, p. 
303. (Subg. Paranecta.) 

■1930. trigzittata Motsch.; Kiritshenko, Annuaire du Musce U. 11. S, S. ZoOlogiiiuc 
de PAcademic des Sciences de PU. R. S. S., p. 430. 

Size. Length, 13-14 mm. ; width across thorax, 4.5 mm. to 5.1 mm. 
The females appear to be larger than the males. 

Color. Black and flavous. Head and limbs of usual color; scutcl- 
lum black; hemelytra black or bluish black with two oblique flavous 
stripes on basal half and spot on distal margin of corium midway 
between lateral margins; sometimes the flavous bands are broad and 
coalesce, again they may be reduced to narrow lines. The general 
pattern is that of N. obliqua Gallra. The venter and the dorsum of 
abdomen are dark in color. 
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StrueMiral Characteristics. Head relatively smaller than in N. 
rMriensis Fallon; anterior breadth of vertex : syiithlipsis :: 13:5; 
liead a little more tlian half as long as pronotuin. Lateral margins 
of pronotnm divergent and but slightly sinuate or irunirved, nearly 
straightj especially in the males; anterior angles of pronotuin normal; 
lateral ledge as seen from the side, faintly sigmoid, the rear end 
turned up beneath the humeral elevations. Scutelhim longer than 
pronotum. Posterior lobe of membrane a trifle longer than anterior 
lobe. Anterior trochanter of male with a small dentation instead of 
a hook; mesotrochanter with angle sharply produced. Terminal 
abdominal sternite in female notched at tip; female with first pair 
of gonapophyses short; male gential capsule as shown on PL XV, 
fig. 6. 

Location of Type, Kirkaldy wrote ‘^?Moscow.^^ In 1915 Kirit- 
shenko examined Motschulsky’s types and reported that there were 
two specimens, one labeled “Japonia” and one without locality label. 
They are at Moscow. 

Data, on Distnhution. Japan. Kirkaldy, in his ^TJber Notonecti- 
clen,’’ adds, ‘‘Shantimg, Cliina — Distant collection.” 

Notonecta rnontandoni Kirkaldy 1897 

(Color Plate IV, fig. I; Plate XVIT, fig. <;) 

1807. N. rnontandoni Kirkaldy, Ann. and Mag. Nat, Hist. (0), xs, p. 56. 

1807. N. montandojii Kirkaldy, 'frans. Ento. Sue. London, 1807, pp. 417, 418, 

1004. N, rnontandoni Kirkaldy, Wien. Ento., xxlii, pp, 05 and 132. 

1000. N. montandoni Kirkaldy; Distant, Fann. Brit. Ind. Ilhynchota, %’ol. iii, p, 41, 
fig, 25. 

1012. iV. montandoni Kirkaldy; Oslianin, Kaliileg der paliiarktiscdu'D Hmapteri'n, p. 01. 
1025. A', fnoutandoni Kirkaldy; llimgcrford, Annals Kntci. Sue. Am., xviii, p. 418 (notes). 
1025. N. montandoni Kirkaldy; Esaki, Notuke KnfoniologtiP, v, p. III. 

1030, A', 'montandoni Kirkaldy; Kintsla^iiko, .^nmiaire dn AIu.siV^ Zoologkiia! de TAeadi^mie 
des Sfience.s do I'U. IL S. S,, p. 430. 

Referring to tliis spocit^s, also: 

1005, N. bivittata Matsiminra, Jl. Sapporo Agric. Coll., vol. ii, p. 59, PI. i, fig. 90 , 
11 Mi 5 (Esaki), 

1025, N. hwltiata Mateumnra; Esaki, Notulu? Entomoligiea?, 10 1,4, footnot.e my^ 

fxamiru-d the tyiie and finds it to be A', montandoni Kirkaldy. 

fyize. Lengtlij 15 mm. to 16 mm.; widtli across prothorax, 5 mm, 
to 5.5 mm. 

Color. Head and limbs of usual color; scutelliim blacL; hemelytra 
reddish-orange nnevenly marked with black, the black figures often 
coalescing into an irregular transverse band across corium, mem- 
brane black witli basal pai't of anterior lobe somewliat mottled with 
the ground coh.a of the eorium. 


4 - 3482 
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Structural Characte'ri.stics. Head with the Mnterior lireadth of 
vertex : synthlipsis : : 15:6. Some specimens tiave syiiililipsis a little 
narrower than above. Head half as long as pronotiini. Lateral 
margins of pronotiim divergent and nearly straight, l)iit sliglitly 
convex on anterior half; anterior angles normal; lati'i’al ledge, siaai 
from the side, sliglitly oblique and up-ciirved bc'iuaitli tlie liunic^ral 
prominence. Scutelliim slightly longer tlian pronotiim (,6:5). Lola^s 
of hemelytral membrane about equal in lengtli. Anterior troclianter 
of male witliout hook or tooth. Mesotrochantcr nearly right angii* 
late. Mesofemur with anteapical tooth of usual form. Tia'ininal 
abdominal sternite of female somewliat constricted near apex, which 
is not notched. Female gonapophyses of moderate lengtli. Mah‘ 
genital capsule as sliown on Plate XVTf, fig. 6. 

Location of Type, ‘^Montandon collections.” 

Co7nparative Notes. This species is a little larger tlian N, clihien - 
sis Fallou and has some maculations on basal half of henuiytiai. Il 
also has a mesotroclianter tliat is right angulato iiivstead of acaitcly 
angiilate as in N. chmensis Fallou, N, trigiittat Motscii., N. kiany- 
sis Kirkaldy, and N'. immediata Kiritch. 

Data on DiMribiition. Given in Kirkald^^’s Revision of tlie No- 
tonectidae as follows: “China Kiang-Si (Paris Mus.), Ngan-Hoei 
(Montandoii and my collns.), Mou Piu, Tibet. (Paris Aius.)” 
Paris Museum also has specimens labeled “Museum Paris Kouy- 
Tcheou, Kouy-Yang, P. P. Cavalerie et Fortimat 19()(>.” The U. S. 
N. M. has some labeled: “Shin Kai Si, Mt, Oniei, Szeehuen, 
China^ 4,000-6,000 ft., D. C. Graham, collector”; “Suifu, Szeehuen, 
China, 1920. D. C. Graham Coll”; “4,400 ft. Sliin Kai Si ML 
Omei, near Kianting, Szechuen, China, D. C. Graliain;” Kiritshenko 
lists Japan, China and oriental region. 

Notonecta pallidula Poisson 1926 

(Color Plate V, fig. 2; Plato XVII, lig. ;{) 

1926. N pallidula Poisson, Bull. Soc. Hist. Nat. Afr. Nord, xvii, p. 2118, figs. 1 and 2. 
(Figs, of head and pronotum and genital eapsuh\) 

1928. N. pallidula liutchmBon, Ento. Mont. Mag., Ixiv, p. 35. 

1928. N. pallidula Poisson, Bull. Soc. Ento. France, No. 0, pp. 105, 106. 

1929. N. pallidula Poi.sson; Hutchinson, Annul.s of Sijuth African Museum xxv pi 3 

p. 363. ’ ' ’ 

1933. JV. pallidula IPoismn, Annals de la Soc. Ento. de France, Janvier, 1933. 

1933. N. pallidula Poisson, Bull, de la Soc. Scien. de Bretagne X, Fasc. HI efc |V. 
(Reprint p. 1.) 

Referring to this species, also : 

1897. JV. glauca ^'a^. maculata "leucochrolc form" Kirkaldy, Trans, Pinto. Soc Loudon 
1897, pp, 422, 42,3. 
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1927. N. horvcitlii E.saki, Ann, & Mug. Nut. Hist. (9), xx, p. 2S4, figs, 1, 2, 4. (Figs, 
dorssil vitjw of insect, latt cal view of heatl and thorax and tips of henielytral .menubranes.) 

Size. Lengtli, 11.6 mm. to 13 mm.; breadtli of pronotiim, 4 mm, 
lo 4.5 mm. Females slightly larger than the males. 

Color. Body concolorous, pale sordid brown, including scmtelhim. 
Irregular ol)S(*ure dark-brown markings along the (tostal margin of 
licmclytra and along tlie line lietween corium and elavus. These 
may be reduced in the male. Metanoturn and dorsiiin of abdomen 
yellowish with a dark marking on the second, tliird and fourth and 
part of the fifth segments. Underside of body black with pale- 
broAvn hairs. In some specimens the abdominal venter may be 
green in color. 

Structural C/iarac/erfsi^ics. Body comparatiAady >stout. Head 
rather large with large eyes; vertex narrow at l)ase; anterior breadtli 
of Amrtex : synthlipsis :: 8:3. Pronotum transverse, lateral margins 
divergent, tlie lateral ledges more oblique and shorter than in N. 
(jlauca Limie. Scutelliim mueli sliorter than in N. glauca Lirine and 
more strongly narrowed toward the a,pex. Meinl)rano dividcai into 
two nearly efiual fKirts along the median longitiidiiial line, tlie apex 
of the basal portion is more angularly." and more j)Osteriorly pro- 
j(‘cting than tliat of tlie apical half. Mesotroclianter rounded. The 
male genital capsule provided witli a finger-like projection. Tlie 
(‘iasper as shown in figure 8, Plato XVII. (See, also, figures 3 
and 14.) 

Location- of Types. The author does not state tlie depository of 
tlic types. 

Data on Zh’s/rfbuf/on. Poisson dc‘scribed this species from ma- 
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Ti'JXT FiutrUB 2. A. Notimccta palUdula Pf)is.sc‘n (= N, liorvathi 
Esaki). B. Notonevtn f/lnuca Linn. Luti-ml vi(*w of tlie lieud and pro- 
tliorax. ];. = laleral li'dge of pronotum. E ™ rear margin of the eye 
below the latend le«lfi:e of itronotuni. Contain* lengths of E. A L. in 
figurt's A, k B. (Bedrawnt from E.saki.) 
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terial taken by M. H. Gauthier in North Africa, wlio found it lii-iiif!: 
alone in the “oued Reghaia,” but in company with N. jmculutn 
and N. glauca in the “oued Safsaf.”* 

Professor Teiso Esaki, who described this sjiecics under tlie name 
N. horvathi, studied a male and twm females from Tangier tliat were 
in the National Museum of Natural History, Paris. ICsaki .“ju's 
they were determined by Kirkaldy as N. glauca var. maculafa. Pois- 
son belives that Delcourt (1909) had seen this species from Biiain, 
Portugal, Italy and North Africa, but had considered it to bo N. 
■maculata. Doctor Poisson informs me that Algeria and Alomcco 
are the only records confirmed. 

Notonecta canariensis Kirkaldy 1897 

Color Plato IV, fig. S; Pinto XVII, fig. Id.) 

1897. N. glauca var. canariensis Kirkaldy, Trans. Ento. Soe. London, 18f»7, i)p. 4 !,!<), {‘22 
and 423. 

1904. N. glauca var. canariensis Kirkaldy, Wien. Ento. Zeit, xiii, p. 132. 

Size. Length, 14 mm. to 15 mm.; wddth of pronotiirn, 4.85 mm. to 
5 mm. 

Color. GenexTil color effect dark. Head, thorax and legs dark 
testaceous; an indefinitely V-shai.:)ed dark spot on the pronotiim 
behind the vertex of the head. Femur with more or less definite 
longitudinal dark stripe. Venter, except the connexivum, nearly 
black. Scutelliim black. Hemelytra brown almost completely sub- 
merged by irrorations (often suffused) that are very dark brown 
or bluish-black; membrane dark brown to bluish-black. 

Structural Characteristics. Anterior outline of tlie liead viewed 
from above flattened; vertex shorter than its anterior widtli; margin 
of vertex less convex and longer than the margin of an eye; iintcn’ior 
breadth of vertex : synthlipsis :: 2 + ^ 1- Pronotiim slightly more 
than twice as long as the head; lateral ledge as seen from the side 
sigmoid and oblique, shorter tlian the rear margin of tlie eye below 
it. Scutellum longer than the pronotiim. The ridge of tlie Iieiiioly- 
tral suture : length of scutellum : : 13:16. Anterior lobe of mernbraiie 
distinctly longer than the posterior lobe. Anterior trocIiaritei‘ of 
male with tubercle. Mesotrochanter not ungulate. Anteapical tootli 
of femur large. Terminal abdominal sternite of female with lateral 
margins not concave and tip not plainly incised. First pair of 
gonapophyses probably moderately short. Male genital capsule as 
shown on Plate XVII. 

"^ Oued.—An arable word signifying running water and which (lesignat«‘8 more particMiIarlv 
the courses of temporary streams in tJie Sahara. It becomes a part of the name of a gn-sit 
number of courses of water and localities. 
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Location oj Types, In the Vienna Museum I found four speci- 
iiieriSj three males and one female, labeled ‘^0. Simony, 1888 Tene- 
and, addition, on one label is written ‘^Barenco Nedalgo.” 
I i)laced red cotype labels on these specimens, since they are the 
speeiniens studied and recorded by Kirkaldy. 

Coniparative Notes, Kirkaldy in his description wrote: “Kfoto- 
cephalon a trifle narrower than in tlie other forms. Hemelytra 
purple-black, obscurely irrorated with dark, rich castaneous, mar- 
gins of hemielytral areas narrowly the same colour; anterior half of 
exocorium rich castaneous blotched with black, posterior half black. 
Membrane black. Pedes rufotestaceous, suffused with rich green.^’ 

This sturdy species is closely related to N. maculata Fabr. The 
mesofemural tooth is longer and stouter, the tibia bears a conspicuous 
elevation. The margin of the pronotum is more strongly ledged, 
especially on the front half ; the abdomen without the orange-yellow 
band at base. The clasper of the male genital capsule slightly dif- 
ferent. 

Data on Distiabntions. The Canary Islands. Besides the cotypes 
tlie Vienna Museum has ten specimens labeled '^Gomera” ‘‘Canar. 
Ins...Polatzek,” and seventeen specimens labeled “Tenerife^’ ^'Canar. 
Ins. Polatzek.’^ 


Notonecta maculata Fabricius 1794 

(Color Plate V, fig, 10; Plate XM, fig. 7.) 

1.701, N. macAvlata Fabricius, Ento, Syst., iv, p. 58. 

1709. iV, maculata Coquebert, III. Icon. Ins., p. 38, tab. x, fig. 1. 

1803. N, maculata Fabricius, Syst. Rhyng., p. 103. 

1817, N, maculuta Leach, Trans. Linn. Soc;, I..ondon, xii, pt, 1, p. 12. 

1824. iV. maculata Curtis, Brit. Ento. (ed. 1,), I, pi. x. (Esaki says plate is in different 

volunio in later editions.) 

1S43, N* fjlawa var. maculata Amyot ct Sendlle, Hem., p. 453. 

1845. N, maculata Herrich-Sclulffer (fide Curti.y) = marmorca H. S., Wan/.. Ins, viii, p. 
23, tab. edvi, fig. 797, 

:I84S. N. maculata Amyot, Ento. Franc, Rhynch., p. 338, (Name invalid.) 

LStia. N, UMculata Doiigiaa & Scott, Brit. Hern. 1, p. 588. 

1888. A'"- glauca var. maculata Fabr., RtmtarJ Syuoiiymica Heteropterorum palaearcticorum 
ini Acta Sociciatis Scientiannn Fennicic Tomiis XV, p. 727. 

L892, N. glauca var. maculata Saunders, Hem. Heter. Brit. Is., p. 329. 

1897. N, glauca var. maculata Kirkaldy, Rev. d’Ento., xvi, pp. 222, 224. 

1897. N, glauca var. maculata Kirkaldy, Trans. Ento. Soc, London, 1897, p. 422. 

1905, N. glauca var. maculata Hiicber, Jahre.sh. Ver. Vaterl. Natur. Wurttemberg, Ixi 
117. 

11109. N. maculata Fabricitus; Delcourt, Bull. Scieutifique Fr. Belg. (7) xUii, p. 378 ami 
pp. 389 and beyond, 

1900. N, glauca var. maculata Oshanin, Verz. Palffi. Hem. I, p. 97.5, 

1910, N, glauca var. maculata Whittaker, Entomologist, xviii, p. 97. London. (Mating 
in Jan. near Wlnscoinbe, Somerset.) 

,1922. N. maculata Despax, Bull. Soc. Hist. Nat, Toulouse L., 1922, pp. 97-112, 19 figs. 
Cmorphology of genitalia.) 

“1923. N. glauca var. maculata Imndhlad, Ento. Tidsk., 1922-23, p. 72. 
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:f928. N, vuu'ulata Bui lor, Biol. Brit. Hem. Hot«M'., ( ». r»r{). 

.1921. N. mciculatn Poi.s.son, Bull. Bit*!, do Fnuico et Bolf!;:tiue, T. Iviii (1024), I' use. !■ 
(Many nd'. ai;d fifts.) 

1921. h\ mnatUiia Hale, Proo. Lin. Boo., Now BmiMi Wales, xiix, pi. 1, p. Bid. (Notes. ) 

392.5. N. maculnta .laezewski, Ann. 55ot'>I. Mns. I\»Ion. Hist. Nat., iv, p. 12B, ii}*;. 2. 

302(». 7 i}aculat(i Poiasnii, Bull, do la Boo. dMlist. Nat. dt* rAlrinue dii Nord.. I, Uia 

Beptieme, p. 217, Nov., 1020. (Pisure.s, head and protrora.s.) (Als(t, i*. 209, Hoe,, 102I5.) 

1.920. N. maadata Pabr. ; Ptti.ssrai, Cpi. road. Boo. Biol. Paris, Bd. P t, i». r>f'»2 ami 1007 

(Cytolc)p:y.) 

1927. N. mneuldta Pabr. ; Poisson, Aro.hives do Zoblogioi Kxpt'rimouf alo ot CJonoraL... 
Tome OG, Paso. 2. pp. 28-70. (Cytolo^!:i(■al slutly.) 

1928. N. maridata E.saki, Annals h Mag. Nat. Hist., Her. 10 ii, i)p. 00, 70, 7.'). 

1929. N, ruarulata Pabr.; Poi.s.s’on, Bull. Boo. d’Hist. Nat. de I’Afr. du Nord, xx, p{t. !12, 

113, 

1929. N. niaeulata prutohinson, Annuls of South African, Mus., vol. xxv, f)1. 3, p, 303. 

1929. N. 7)mcnlata Lindbirg, Boc. Soient. Ponnica Camnm'ut, Biologicm, iii, 1, pp. 11,12. 

(Took species in Si>uin and Morrocoo, and says in both flowing and .standing wider.) 

1980. N. maculd'a Ltir.sen, Eiitomologisk 'Pitlskrift 1930, pj), 219-241 (lig. 2a, oliorioti of 
egg.) 

1030. N. maculnta Pabr.: II. P., reprint from The Piidomologisls Hecord, VoI>. 

XL-XLTI, p. 09. 

1983. N. mncvlntd Pabr.; Poisson, Ammh'.s de la Boo. Eid.o. de Prance. JunviiT, 1933. 

1983. N. macidata Fabr., Poisson, Bull, de la Boo. Boien. de Bri'ingue, X., Paso, IH et IV 
(Reprint p. 2). 

Referring to this species, also: 

1800. N. glauca S'chellenborg, Gimic. Helvet., p. 21, (ab. x. 

1803. N. marniorea P'abrioius, Systerna Rhyng., p. 103. 

182(5. N. variegata Ijeach et RLsso, Hist. Princ. Prod. Europ. MArid. (His.so), v, p. 210. 

183.5. N. marmorea Herrieh- Schaffer, Nfimenel. Ento., I, p. 03. (See Esaki, 1928.) 

1840. N. glauca var. marnwren Blanchard, Hist. Nat. Ins., iii, p. 89. 

181)1. N. fahrlcii var. umbrina Fieber, Abd. Bohm. Gesel. Wis. (.9), vii, ji. 474. 

18(51. N. fabricii var. 7imbriva Fieber, Ear, Hem., p, 101. 

1880. N. glauca var. umbrina Puton, Bynop, ,Hem. Heter. li'rance, iii, p. 21-8. 

1881. N. glauca var. umbrina Puton, Bynop.sis IT m.-Heteropttu'a l''ranoe hf. Memoires <le 

la Societe de.s Sciences de PAgriculture et de.s Arts, 4 Serie, Torn, ix, p. 122. 

1905, N. glauca var. jnarinorea liiieber, Jaliresh. Vcr. Vaterl. Nattir, Wiiriteinl:) erg, hi, 

p. 11(5. 

1907. N, umbrina Dfelcourt, Comi‘)te.s Rendus (Its BAaruHvs et MernoircH de, lu BooiAlA do 
Fr, Binlogie, Ixii, pp. 11-13. (Eggs in Ool.ober to January on aapprtrt.s.) 

1909. N. marmorea Kuhlgatz, Bu.s.swaHS( rf. Deutsohl. (Braiicr), vii, p. 81. 

Size. Length, 12.6 rani, to 15.6 mm.; width of pronotum, 4.5 nitn. 
to 5.4 mm., an astonishing variation! My smalh'st spoeimon is a 
male from .Tcricho, and the largest a female from Oran (Algcrin). 1 
have a specimen from Paris that attains the maximum lengiii lint 
not quite the width. 

Color. An orange-red or orange-yellow species irroratcil with 
brownish-red and blackish-brown. Anterior half of pronotum, liead, 
limbs and connexivum of usual color, often suffused with green. 
Scutellum black. Metanotum orange-yellow with a large blackisli 
blotch bordering the basal half of the scutellar margins. First ab- 
dominal dorsum orange-yellow, second to fourth black (the fourth 
narrowly orange-yellow apically) fifth and beyond, orange-yellow. 
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The lieiiielytral markings variable, the dark areas often coalescing 
at the distal inner angle of the corium. 

Strtudtmil Anterior outline of head, viewed from 

above, flattened; vertex shorter than its anterior width; margin of 
vertex less convex and longer than the margin of an eye; anterior 
breadth of vertex : synthlipsis : : 2 + : 1. Pronotum slightly more 
than twice as long as the head; lateral ledge, as seen from the side, 
sigmoid and oblique, shorter than the margin of the eye below it. 
Scutellum longer than the pronotum. The ridge of the hemelytral 
suture : length of scutellum : : 13:18—. Anterior lobe of membrane 
a little longer than the posterior lobe. Anterior trochanter of male 
with very slight inconspicuous tubercle. Mesotro chanter not angu- 
late. Anteapical tooth of femur of normal size (not large as in N. 
cMariensis Kirk.). Terminal abdominal sternite of female with 
lateral margins slightly concave and tip shallowly incised. First 
pair of gonepophyses moderately short. Male genital capsule as 
shown on Plate XVI. 

Location of Types. Delcourt says the types are in the Paris 
Museum. 

Comparative Notes. Tins species differs from other common 
European species in having a head tliat is broad and truncate in 
front, in having a mottled brown color and in having the last ventral 
abdominal sternite of tlie female not compressed just before the tip. 
In this regard it agrees with N. pallichda Poisson, from which it is 
distingiiislied a>s sliown by Poisson in liis description. 

Biological Notes. Delcourt, 1907, says tliis species attaches its 
eggs to the surface of some support in the water. The egg-laying 
period is from October to January. By keeping some eggs at a 
tempt^ratui’c of from 0 to 8 degrees tliey Avere lield from October to 
following Septcml)er. At 18 degrees they hatched in 20 days. Whit- 
taker records tlie mating on January 14 in Summerset, England. 

Data on DistribvMon. Doctor Poisson has been kind enough to 
give me the following information: Denmark, Plolland, Belgium, 
Elngland (West tind South), Iberian Peninsula, North Africa (Algeria 
and Morocco), Egypt, Macedonia, Greece, Italy, Corsica, Central 
Europe, West and Southwest of Persia. My own records include 
the following: Paris, France; La Galle, Le Boul; Algeria; Phillippe- 
ville, Le Boul; Brindisi, J. Sahib; Egypt, G. Fallou; Sardinia, A. H. 
Krausse; Morocco, G. Buchet, 1903 (Paris Mus.), Pushire, Persia; 
Karab, 23, 1931, VII, Alban. Exp. 1918. (Vienna Mus.) ; Baluchi- 
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stall, Quetta, Pond in Res. Garden, Sta. No. 3, 11-1()-18. B. S. ; Slii.sba 
R. Pond 6,640 ft., 8 11, 96 Pamir Exp. (Indian Mus.). 

Notonecta meinertzhageni Poisson 1934 

N. meinertzhageni Poissotij^ Amuils & Mag.. Nat. Hist. (10) xiii ITQ-ITH (witii tt'Kt 
figures). 

Size. Length, 15 mm.; width of i.)ronotimi, 5.7 inm.^ 

Color. An orange-red and black species with pattern same as 
N. chinensis Fallou. (See Color Plate IV, fig. 1.) 

Structural Characteristics. Anterior outline of head, viewed from 
above, flattened; the anterior outline of vertex slightly produced 
medianly; vertex shorter than its anterior width; margin of vertt^x 
less convex and about equal to anterior margin of tlie eye; anterior 
breadth of vertex : synthlipsis :: 37:17. Pronotum slightly more 
than twice as long as tlie head; lateral ledge, as seen from tlie side, 
sigmoid and oblique, shorter than the margin of the eye below it; 
anterolateral angles obtuse. Anterior trocdiantcr of male with very 
slight inconspicuous tubercle. Mesotrochanter rounded. Male geni- 
tal capsule resembles that of N. maculata Fabr. The dasper has a 
slight angle or projection on caudal margin. Poisson’s drawing 
shows lateral edge of pronotum straight. 

Location of Types. In British Museum and in collection of Doc- 
tor Poisson. 

Data on Distribution. Described from specimens labeled ^‘‘Almg- 
gar Mts., 1931, col. Meinertzhagen.^^ 

Notonecta arabiensis Hunger ford 1926 

(Color Plate V, fig. 1) 

1926, JV. arabiensis Hungerford, Annals Ento. Soe, of Amor., xix, No. H, p. 280. 

Size. Length, 16 mm.; width aci'oss the eyes, 4 mm.; width across 
the thorax, 6 mm. 

Shape. Robust. 

Color. Head, pronotum, connexivum and limbs yellow. Scutelimn 
black, rear margin of pronotum somewhat darkened. Apical por- 
tion of wing membrane dark, remainder of membrane, corium, and 
clavus brick red with some faint irregular blackish blotches. Venter 
blackish, midventral keel slightly and abdominal margins plainly 
yellow. 

Structural Characteristics. Head short. Anterior outline of the 

* This short description made from a paratype belonging to th4 British Museum. 
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liead, viewed from above, flattened. Vertex considerably shorter 
tlian its anterior width, margin of vertex nearly straight, curving at 
its lateral margins and nearly equal in length to the frontal margin of 
the eye; anterior breadth of vertex : synthlipsis :: 19:10. Pronotum 
arched and at least three times as long as the head; lateral margins 
strongly divergent and straight; anterior angles normal; lateral 
ledge, as seen from the side, slightly sigmoid and oblique and a 
trifle shorter than the rear margin of the eye below it. Scutellum a 
little longer than the pronotum or the ridge of the hemelytral suture. 
Lobes of membrane about equal. Legs stout. Mesotrochanter 
rounded. Terminal abdominal sternite of female quite large and 
but slightly constricted before the tip, which is not notched. 

Location of Types. Described from two females taken in Arabia 
and belonging to British Museum. These are designated as holo- 
type and paratype. It is to be hoped that male specimens may be 
found to enable us to figure the male genital capsule. 

Compamtive Notes, These specimens are of the same size and 
color as N. violacea. Kirkaldy. From this species they differ, how- 
evcFj in liaving a broader, shorter head, wider synthlipsis, and less 
flattened lateral margins of pronotum as seen from above. Shorter, 
blunter mesofemoral tooth. No pi'ominence on caudal margin of 
inesotibia just distad to femoral tooth when the limb is flexed. 
Notonecta violacea Kirkaldy is provided with one. The last ab- 
dominal sternite of female is not conspicuously constricted near its 
tip as in N, violacea Kirkaldy. I have before me Kirkaldy^s type, a 
male from Catcin Cauri, Birmania. 

Notonecta violacea Kirkaldy 1897 

(Color mate IV, fig 11; Plate XVII, fig. 11.) 

N. montandoni Kirk. var. violacea Kirkaldy, Tnuis. Ento. Soc. London, 1897, p. 

418 . 

1904 , V. ^noniandoni Kirk. var. violacea Kirkaldy, Wien. Ento, Zeit, x'xiii, p. 182 (lists 
only). 

1810 . N, violacea Kirk*; Himgerford, Annals Ento. Soc. Am., xviii, p. 418 (notes). 

Size, Length, 17.2 mm,; width aci-oss pronotum, 6,5-7 mm. 

Shape. Large, plump species. 

Color. Head, anterior part of pronotum and limbs dark tes- 
taceous; front of head and limbs may be greenish; scutellum black; 
hernelytra including basal two-thirds of anterior lobe of membrane 
reddish, faint-violet in background, rest of membrane brownish- 
black. Base of hind wing and marginal vein red. 

Structural Characteristics. Anterior breadth of vertex : synthlip- 
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sis :: 9:3; lateral margins of pronotum nearly straiglit but faintly 
sinuate; anterior angles not acute. Scutellurn longer tlian |)roiiotiirn 
7 _ : 5), Lobes of menibranc equal in lengtli. Anterior tr<H4ianter 
of male without hook or dentation. Mesotrocliuntc*!* roundcHl {|H‘r- 
haps faintly aiigulate), Mesofemur with, iisuaJ, anh*a|)icMl tooth. 
Mesotibia with denticulate prominence on rear inargiu. lerniina! 
abdominal sternite of female large and strongly constri(d(‘d ncair 
tip, which is entire. First pair of gonapophyses long. Male gcmital 
capsule as shown on Plate XVII, fig. 11. 

Locatimi of Types. Described by Kirkaldy as a varithy of Ah 
montandoni Kirk. He gives the habitat as: '‘Biirina: ‘(kiteiri 
Caiiri,”^ (Fea kg. Nov., 1886) and specimens as being in Rlontan- 
don’s, Hamburg Mus. and his own coileidiou. I luiv(‘ found speci - 
mens in the Kirkaldy collection at tlic U. >S. ,N. iM. laiKied '‘(latcin 
Cauri Birrnania Fea, Ag. Nov., 1886” and (lelennitied by Kirkald}* 
as N. mo'ntandoni var. 

Co7nparativG Notes. Although described as a variety of N. rnon- 


tandoni, it is a distinct species which is relatxKl to N. anilrknsis 
Hungerford and N. amplifica Kirit., from whieli it may be disliu'’ 
guished by the key presented below. 

A. Mesotibia with dentieuhitc prominence on rear marj^in A', r/o/ariu. 

AA. Alesotibia without denticulate prominence on rear margin. 

B. Rear margin of middle tibia at base emarginute uial (l(‘tiiu‘ulate. Last ab- 
dominal sternite of female strongly constricted A', 

BB. Rear margin of rukklle tibia at base straight and not denticuhitcH bjist nb- 

dominul Kteinito of fentale not sironglj eonstrieb'd .A', tmibiewsi-o 


Notonecta glaiica glauca Linnc 1758 

^ (Color Plato IV, Hg. 10; Plato XVH lig. 7.) 

1758. N, glauca Linue, Syst. Nut., ed. x., p. 4;h). 

1778, N. glauca Goezo, Ento. Boytr,, ii., p. lG(i, 

1780, N. glauca (Irnelin, Syst. Nat. (Linnc), cd, xiil, p. ‘.018. 

1701. N. glauca Pabricius, Ento. Syst., iv, p, 57. 

1808. N, glauca Fabricius, Syst. Rhyug., p. 102. 

ISOt, N. glmtca Panzer, Sclhifferi Icon. In^ Ilatislxni., Knimi. Hyst. i., ji. 18. 

1817. N. glauca Leach. Trans. lann. Soc. London, xii, pi. i., p, i;h 

1829. N. glauca FalKm, Hem. Svec., p. 177. 

1835. N. glauca Bunneister, llandh. Ento., ii, p. 190. 

1836. N. glauca Herrieh-Schiiffer, Nramaicl. Ento. i, p. (til. 

1840. JV. glauca Spinola, Essai Ins. Hem., p. 69, 

1840. JV, glauca Blanchard, Nat. Ins., iii, p. 88, lab. Hern, i, fig. 2. 

1843. JV. glauca Amyot et Serville, Hem., p. 452. 

1845. JV. glauca Herrich- Schaffer, Wanz, Ins. viii, p. 23. 

1860. JV. glauca Flor, Rhynch. Livl. i, p. 772, 

1865. JV. glauca Douglas et Scott, Brit. Hmi. i, p, 687, tab. xx., fig. 4. 

1869. JV. glauca Linne; Stal, Hemiptera Fabriciana, p. 130. 

1875. N. glauca HmmhiXYi, Ann. Soc. Ento. Fr. (6), pp. 204, 20.5, pi. IV (oviposiiion) 
1878. N. glauca vSnellen van Vollenhoven, Hem. Heter. Neerland, p. 317, tab, xx, figs. 2, 
1880. N. glauca var. glauca Puton, Synop. Hfim. H6t6r. Prancje, iii, p. 217. 
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1881, iV, glauca var. glanca Linn. Puton. Synopsis, Hem.-Heter. Fnincte in: Meraoires de 
!a Soci6t6 dos Sciences do T Agriculture et des Arts, 4® Seric, Tom. ix, p. 121. 

1888. N. (ifmim Riuter, Rev. Syncmiymica Heter. Pnliioarcticonira . , . in Acta Soc. 
Senent. .Fennicjo Tom xv, p. 725. 

181HI, N. glauca Pt tlnsclicnco, Rev. Sci. Nat. St. Petj(iirKl:>. I, j>p. 2r)S~8(t2 (ombryoiogy). 
1892. N, glauca Saunders, Htm. Hotcr. Brit. la., p. 320, 

1807. N, glauca var. glauca Kirkaldy, Trans. Ento. Soe. London, 1807, p. 421. 

1807. N. glauca Linne; Kirkaldy, Rev. Ento. France, XV^I, p}>- 222-224. 

1897. N. glauca Linne; Horvath, Rev. Ento. France, 1897, p. 94. 

1898. N. glauca Lmr.Cy Kirkaldy, Ento. Mo. Mag., ix, (2d), p. 173 (oviposition). 

1900. N. glauca Linne; Puton, Revue D'Entomologie, xviii, p. 80. 

1902. N. glauca Pnntel and de Sinety, Compt. Rend. Ac. Se., Paris, (‘xxxv. 

1904. N. glauca Linn6; Kirkaldy, Wien. Ento. Zeit, xxiii, p. 132. 

1905. N. glauca Prowazek, Ztitschr. Insbiol., I, p. 63 (migration). 

1905. Ab glauca Hueber, Jahresh. Ver. Vaterl. Naturk. Wurtternberg, Ixi, p. 113. 

1906. N. glauca Pantel and de Sinety, La Cellule, xxiii, pp, 87-303, 8 plates (cytology). 

1906. N. glauca Poiilton, Trains. Ento. Soe., 1906, pp. 403-408 (Preying on Donacia). 

1907. N. glauca LinntH Delcourt, Comptes Rendus des S'6ance.s et Memoirs de la Societe 
de Fr. Biolngie, Ixii, pp. 11-13. (Mates and oviposits in spring time). 

1909. N. glauca Linne; Delcourt, Compte.s Rendus des Seances et ATcm. Sac. de Blologi<‘, 
Paris, Ixvi, pp. 589-591. 

1909. N, glauca Osl-anin, Verz. PaJje, Hem. i, p. 974. 

1009. A’, glauca Kuhlgatz, Silsswasserf. Deut.sclil. (Brauer), vii, p. 79, fig. 68. 

1912. N. glauca Jeasen-Haanip, Damnark.s Fauna, xii (Taegi-r), V’ fg- 10. 

1912. N. glauca Wefelscheid, Zoiil. Jahrb. (Jena), xxxii, pp. 391 and 407. 

1912. .V. glauca Ilniipe, Zoul. Jahrb. Jena Abt. f. allg. Zodl., xxxi, pp. 189-244, 2, tallies 
(respira tion). 

1915. A', glauca Linne; Wesenberg-Ianul., Insektlivet I. Fcr.ske Vande, pp. 118-125. 

1916. N. glauca Browne, Jl. of Morph, xx\’ii, p. 123 (Cytology). 

1917. N. glauca Linne; Hunger ford, Ento. News, xxviii, p. 2(>8. 

1917. N. glauca Linne; Huugorford, Ento. Nows, xxviii, p. 174. 

1918. N. glauca fnnne; Hungorford, Ento. New.s, xxix, p. 241, pi. xv, fig. 6 (figures 
ovipositor). 

1919. N. glauca Linne; Hung”rford, K. U. Sci. Bulb, xi, pp. 43, 166, 169, 179, 180, 181, 
180, 190, 255, 256, 258, 259, 262, 263, 265. 

1919. N. glauca Linne; Ilungerford, K. XJ. Sci. Bulb, xi, p. 329. (Error in drawing), 
1922. N. glauca LiniaH liehinunn, Zodl. Jahrb. Jena, xlvi, pp. 121-158, 2 pb (Bioiogy of). 

1922. N. glauca IJnue; Desiiax, Bulb Soo, His. Nat. Toulouse, vob L, pp. 97-112, fig.s. 
7-12 and 17-19. (Male and ft'iruile genii alia.) 

1923, Ab glauca Linne; Taindblad,, Ento. Tidsk., p. 71. 

1923. N. glauca Linne; lla’e, R(‘e. 8. Aust. Mus., ii. No. 3, p. 418. 

1923. N. glauca Buil. r, Blob Brit. Hi m. HcBt., pi>. 558, 559, 

1921. N. glauca l/miie; Poi.ssou, Bulb Biol, de France et Belgique, Iviii, pp. 58, 62-65, 
69-71, 73-7fb 79, 110, 112, 113, 114, 185, 186, ISS, 191, 27C-27S, 290, 295, 298, 300; pb 
I, fig, 1, pb 3, figs. 3-5. 

1925, N. glauca Roissen, Bulb Soc. Ento, France, p. 328, lig. 2. 

1925. A', glauca Linne; Hungerfnrd, Aiiuals Ento. Soc. Am., xviii, p. 418. 

1926, Ab glauca LinnCs; Poisson, Bull, de la Soc. dMIist. Nat. de I’Afriquc du Not'd., vob 

xvii, )). 269, 

1926. N. glauca Ixerkis, Revue Ruswe d’Ento., xx p, 300 (internal sex organs.) 

1928, A/, glauca Linne; Esaki, Annuls and Mag. Nat. Hi.st., ser, 10, vol. II, p. 07. 

1029. N. glauca Linne; Lindberg, Sew. Scieiit. Femiica Goinrnent. Biologicae III, 4, 

1 ). 11 (Spain). 

1920. Ab glauca Linne; Hnichinsen, Annals of South African Mus., xxv, pt. 3, p. 303. 
1930. Ab glauca Linne; Lar.s n, Euto, Tidsk., 1930, p. 219. 

1930. N, glauca Ivimie; Jon.s in Reprint from The Entomologists Record, vols. XL- 
XLII, p. 69. 

1933. N. glauca glauca Linne; Poisson, AnnMle.s de la Soc. Ento. de France. Janvier, 1933. 
1933. N, glauca glauca IJnne; Poi.s.Hon, Bull, de la Soc. Scien. de Bretagne X. (Reprint 
P. 2.) 
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Referring to this species, also: 

1766. N. 'prima Schaffer, Icon. Ins. Ratisb, I, pt. 1, tab. xxxiii, figs. 5 and <». (Bisaki 
says name "invalidum et nudum.'') 

1848, N. var. glauca Amyot, Ento. France, Rhynch, p. 337, tali, iii, fig. 64. yEsaki says 
"noin. invalidurn,") 

1851. N. fabricii var glauca Ideber, Abh. Bohm. Ge.seL Wis. (5), vii, p. 474. (r= Rljyn- 

chotograpliien). 

Size, Length, 14 mm. to 16 mm.; width of thorax, 4.8 inin. to 
5.1 mm. 

Color, Typically yellowish-brown with black scutellum and 
brownish-black maculations along the costal margin of the lieiiiely- 
tra; venter and abdominal dorsum more or less dark. 

Stnictural Characteristics. Head moderately convex, vertex 
shorter than its anterior width; margin of vertex less convex than 
margin of the eye; margin of vertex nearly as long as frontal mar- 
gin of the eye; anterior breadth of vei'tex : synthlipsis :: 2:1; head 
less than half as long as pronotum. Pronotum with lateral margins 
moderately divergent and slightly concave, more so in female than 
in the male; anterior angles normal; lateral ledge, as seen from the 
side, sigmoid, caudal end turned up beneath the humeral angle, which 
is not prominent, somewhat oblique and as long as the rear margin 
of the eye below it, Scutellum longer than pronotum. Anterior 
lobe of membrane longer than the posterior. Anterior trochanter of 
male with slight protuberance. Mesotrochanter rounded. Terminal 
abdominal sternite of female constricted near the tip, which is 
bluntly pointed. First pair of gonapophyses of female moderately 
long. Male genital capsule as shown on plate XVII, fig. 7. 

Location of Type. Kirkaldy gives the location of the tyj)e 
Upsala.’^ I did not find it there. I found, however, a female, in tlie 
Linnean Society's collection in London. Delcourt-^ reported tlie 
type as being in London. 

Discussion. This species name has been applied to so many forms 
that one must take the references with some reservation. Kirkaldy 
placed as varieties of this species the following: N. marginata 
Muller, N . canariensis Kirk., N. marmorea Fabr. and N. maculata 
Fabr. I have examined most of the material mentioned by Doctor 
Kirkaldy in his '^Revision of the Notonectidse" and feel that his 
conception of this species was quite confused. Doctor Delcoiirt and 
others have attempted to clear up the specific relationships of the 
European forms. 

Under Notonecta var. 1 glauca L.," Kirkaldy included specimens 
from brackish water near Gravesend (England). These specimens 
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belong to N. viridis Delcoiirt. The specimens in the Kirkaldy col™ 
lection bearing the label Gravesend are certainly Delcoiirt’s species. 

Doctor Kirkaldy; under this variety (p. 421 of his Revision); 
says: "'From Maie-Noiisky, Erzerum (Vienna' Miis.) I have seen 
two specimens resembling in color and disposition of the apical 
hemielytral fascia, the typical form of N, amencana Fabr.^^ I have 
tliese two specimens before me; they are from Mali, not 
and I have seen eight more in the Vienna Museum. They are, it 
seems to me, a little larger than typical N. glauca Linne. The broad, 
black band across the hemelytra is a striking characteristic of all 
of them. (See Color Plate V, fig. 3.) A specimen like these labeled 
^^Monts Baktyaris, 1500 a 4500 m. J. de Morgan 1904” is in the 
Paris Museum.* 

Data on Distribution. Since Doctor Kirkaldy^s conception of this 
species was rather vague, his idea of distribution is not acceptable. 
Doctor Poisson has been kind enough to write me concerning his 
knowledge of this species. He says it is widely distributed over 
Europe and is common in France, but that its southern distribution 
should be more precisely ascertained. This, I think, applies also 
to the Asiatic records. The specimens in our own collection came 
from England, France, Finland and Germany. 

Biological Notes. This species has been studied by various 
European workers. Regimbart,’^- 1875, reported that the eggs are 
inserted in tlie stems of aquatic plants. Wesenberg-Limd says 
the eggs are inserted in plant tissues, air filled, not water-soaked 
plant parts. He further says that eggs laid in April and May are 
liatched in tlie course of three to six weeks. The nymphs pass 
til rough five moults, and after five or six weeks the}?* are fully 
developed. Alating lias been observed in late summer, but the 
usual time is early spring. Tliese insects are good fliers and in the 
fall seek ponds rich in plant life and overwinter tliere as adults. 
J felcourt lias reared this species and studied tlie results of crosses 
of forms of different color patterns. 

Notonecta glauca poissoni new subsp. 

(Color Plat(i V, tig. ;0 

This form is larger than the average N. glauca glaum Linn, 
and has a large transverse band across the hemelytra, as shown in 
the (jolored figure. Doctor Kirkaldy mentions specimens belonging 
to the Vienna Museum (see his Revision, p. 421) that came from 
Mali-Nousky, Erzeriim, and says ^'they resemble in color and dis- 
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jjosition of the apical hemielytral fascia tiie typiciil form of N. 
(mmicana Fabr.” The two specimens mentioned by Kirkaldy are- 
before me. I have seen eight more in Vienna. Paris Museum has 
a specimen labeled ^‘Monts Baktyaris, 15(J() a 4500 rn, J. de Morgan 
1904.” 

I propose to make the series in Vienna the types and will mai*k the 
holotype, allotype and paratypes. 

Notonecta glauca hybrida Poisson*^ 1933 

1933. N. glauca hybrida l^oisson, Annales de la Soe. Ento. cU? France, JainFa', 

1933. N. glauca hybrida- Poisson, Bull, de la Soc. Scion, de Brotagne Fasc. Ill el 1\ , 
(Reprint, p. 2.) 

This subspecies is, in color, intermediate betv'een N. (jUiKca Idnn. 
and N. niacidata Fa,br. The hemelytra are reddisli or lirovvnish, 
more or less strongly maculated, presenting at tlie base eitlier one 
pale longitudinal band on the claviis or two bands, one on tvlavus 
and tlie other on the corium. Structurally this form is like* N, glaum 
Linn, and the females may be placed at once by examining tlit^ last 
abdominal sternite, which is strongly constricted before the. tip, a 
character like N. glauca Linn, and not like N, niacndata Fabr. 
Doctor Poisson gives the distribution as Southern France, Iberian 
Peninsula and North Africa, I have two species sent me by Doctor 
Poisson. One is labeled ^‘Banyuls” and the otlicr ‘Tkiinide.” 

Notonecta glauca fulva de la Fuente 1898 

(Color Plate V, fig, 11; laatc XVl, fig. 0.) 

1898. N. glauca var. julva^ de la Fuenie, Actrus Esp. HIhI.. Nat., xx\d, p. 130. 

1927. N. maculata var. fulva,, Hutcl.insou, AminL & Mug. Nat. IJiHl,, ( 91 , xix, p. iVllk 

1928. N. glauca var. fulva, Po!.‘3son, Bull. Soc. Ento. Franci*, No. 0, p, lOd. 

1928. N. 7nacu!afa var. fulva, Hutd.inson, Ento. Mont. Mag., kiv, {». 

1928, N. ihaculafa var. fulva, E.saki, Annala Mag. Nat, lliMt. (Her. 10), \ni. ji, pj). Vo 
and 79. 

J. M. de la Fuente, in a paper entitled “Datos para la launa de la 
provincia de Cindadreal in Adas of the “Analcs (1(; la Soeiesdad 
Espahola de Historia Natural, 1897, p. 130,” described this variety 
as follows: “Notoneda glauca L. v. jidva: Elytra fulva, sine 
raaculis, una tantuin levissiraa excepta in basi suture locata.” 

The type of this variety has not been reexamined since it was 
described, and I do not know its location. It has been assumed by 
Hutchinson that it is an immaculate variety of N. fnaculata Fabr. 
Mr. Hutchinson says there are specimens from Naples and .Southern 
Tunisia that fit Fuente’s fulva and which are a variety of N. 

P. in». .S,... Ksaki, 

and Mag, Nat. Hist. (Her. 10), vol. ii, p. 7(1, for c()trmient on iV. ncnindn HchiiHer. 
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7nactd(ita Fabr, and not N. pallidula Poisson. Esaki reports speci- 
mens taken by W. E. Cliina in Guernsey, Channel Islands, August, 
1927, tliat should be assigned to N. macidata var, fulvaFmnte, 

Mr. China, in 1928, gave me seventeen specimens labeled ^Tliiern- 
sey, August, 1927, W, E. China.” All but one of these are typical 
N. rnaculata Fal)r. There is one male, liowever, that I have taken 
to be A. mcwidata fulva Fuente, and figured in Color Plate V. This 
specimen, besides having a little differently shaped head and 
straighter lateral margins of prothorax, has the dorsum of the abdo- 
men black (lacking tlie orange band characteristic of all the other 
specimens) and the anteapical tooth of middle femur small. I have 
no female specimens from Guernsey. An examination of the last 
abdominal sternite* of female would show at once whether this form 
should be assigned as subspecies of N. maculata Fabr., as liiitchin- 
son and Esaki assume, or to N. glaum Linn., as Poisson believes. 
Doctor Poisson has recently written me that he has attempted to 
locate Fuente ’s type Avithout success and considers tlie specimens 
from Guernsey as belonging to N. glauca nijescem Poisson. It is 
in deference to his opinion tliat I transfer Fuentets specie's to N. 
gla.uca fidva^ l)ut strongly suspect that N. glavca rufescens Poisson 
will prove' to 1)0 N. glauca fulva Fuente. 

Notonecta glauca rufescens Poisson 1933 

(Culoi- Plate V, fig. 11.) 

isrci. JV. glauca rnfat^rens Pois!-:nn, Annnles tie la So<*.. Ente. de France. Jainder, lOaJF 

lOrCC N. glaucQ, rufc^^ccns Poisson, Bull, de la Soc. Scion, de BretagUe .X, Fuse. Ill et IV, 
]!»;CC (Reprint, ji. ;i.) 

11) is sulispeeies lias tlie struetural characters of N. glaxica Linn, 
and is distinguislied by the almost immaculate reddisli lienielytra 
(see key to six'cic's). Since N, glauca fulva Fuente must have a 
similar appc'araaice it may be tlie same thing. Doctor Poisson has 
most kindly sent me specimens from Banyiils and Salses. 

Notonecta obliqua obliqua Gallen 1787 

(CiJolor Plate IV, fig. 0 ; Plate XVII, fig. 11) 

1787. N. ohliqmi Gallen, Mus. Nat. Acad. Upsal., pt. v, p. 61 (Esaki). 

1897. N. obliqua Tlninb. ; Kirka’dy, Tran-s. Ento. Soe. London, p. 419. (According to 
Esaki, Kirkaldy credited wrong author.) 

1928. N. obliqua var. obliqua Rsaki, Ann. & Mag. Nat. Hist., ser. 10, vol. ii, p. 68. 

1929. N. obliqua var. obliqua Hutchinaon, Ann. South African. Museum, XXV, pt, 3, 
p. 363. 

* I have asktnl Mir. China, of the British Mns''uin, to examine the females from Guernsey 
with rcfercncis to this point. He replies*. “No females are present." 
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1933, iV. obHqtia Galleii; Poisson, Annalos clc* la Soc. Ento. do France, Jain ior, 1933. 

1933. N, obliciua obliqim Gallen; Poi.sson, Bull, do la >Soo. do Bit'laf^ne X, I'a.-i*. 

in et IV (Reprint p. 3). (Also, Ease. I ot II, Reprint, j). 29, egg of). 

Referring to this species^ also: 

1794. N. furcaia Fabricius, Ento. Syst., iv, p. 98. 

1799. N. f'urcata Coquebert, III. Icon. Ins., p. 38, tab. x, lig. 2, 

1803, N. juTcata Fabricious, Syst, Rhyng., p. 102, 

1807. N. furcata Haworth, Trans. Ento. Sue. London, a, p. 98. 

1817. N. furcata Leach, Trans. Linn. Sue. London, xii, pt. 1, p. 12, 

1826. N. melanota Leach and Risso, Hist. Princ. Prod. 'E'ur, Mwld. (Risso), v, p. 2l.f> 
(Esaki). 

1829. N. furcata Fallen, Hem. Svec., p. 178. 

1835. N. glaitca var. a Burnieister, Handb. Ehito., ii, p. 190. 

1835. N. furcata Herrich -Schaffer, NoinencL Ent., i, p. 63. 

1840. N. fuscata (1) Spinola, Essai, Ins. Hem., p. 59. 

1840. N. glauca var. furcata Blanchard, Hist. Nat. Ins., iii, p. SO, 

1843. N. glauca var. furcata Amyot et Serville, Hem., p. 453. 

1845. (sine nom.) Herrich -Schaffer, Wanz. Ins., viii, p. 24, No. 4. 

1848. N. var. furcata Amyot, Ento. Franc., Rhynch. p. 337, nom, im’ulid, 

1851. N. fabricii var. furcata Fieber, Abh. Bohm. Gesel, Wis. (5), vii., i>. 474. 

1861. N. fabricii var. furcata Fieber, Eiir. Hern., p. 101. 

1865. N. glauca var. furcata D'ouglas et Scott, Brit. Heaaa., i, p. 588. 

1880. N. glauca var. furcata Putoii, S^mop. H4m. H5t5r. France, iii, p. 217. 

1881. N. glauca var. furcaia ‘S'fxhr. ; Puton, Synopsis H4in. H6t5r. France m : Meinoires de 
la Societe des Science de FAgriculturei et des Arts, 4® S4rie, Tom. IX, p. 121. 

1888. N. glauca v&r. furcata Reuter, Syn. Heterop, palsearcticorurn in: Acta Soc. Scieut. 
Fennicse, Tomus XV, p. 727, 

1892. N. glauca var. furcata Saunders, H6m. H4ter. Bidt. Is,, p. 329, tab. xxxi, fig, 2. 

1897. N. glauca var. marginata Miiller; Kirkaldy, Trans. Ento. Soc. London, 1897, p. 421 

(Esaki says name applied to a corixid). 

1904. N. fabricii var, fasciata ( ! ), Kirkaldy ("fide Fieber, 1861”), Wien. Ent. Zeit., xxiii, 
pp. 96, 132. 

1905. N, glauca var. furcata Hueber, Jahresh. Ver. Vaterl. Naturk. Wurttemberg, Ixi, 
p. 117. 

1906. N. glauca var. margimta Distant, Faun. Brit. IncL, Rhynch. iii, p. 41. 

1907. Xf. furcata Fabr. ; Deloourt, Comptes Rendus des Seances et Memoires de Uv Socieliif 
de Fr. Biologie, Ixii, pp. 11-13. 

1909. N. furcata Fabr. ; Delcourt, Bull. Scient. Fx*. et Beige, xHii, pp. 373, 461 (ntmieroiis 
references). 

1909. N, glauca vai*. furcata Oshanin, Verz. Palie. H5m., i, p. 975. 

1909. N. glauca var. furcata Knhigat!!, Slisswasserf. Dcutschl. (Braner), vii, |i 81. 

1915. N. glauca var, furcata Fabr.; Ballweg, Vex’handlungen des Naturhistoriwlnm Verciiia 
der Preussischen Rhoinlande imd Westfalens 71. Jahrgang 1914, p. 174. 

1922. N. glauca var. furcata Fabr.; Deapax, Bull, Soc, Hist. Nat. Toulouse 19:!:!, 

pp, 97-112. ‘ 

1923, N. glauca vai\ furcata Fabr.; Lundblad, Ento. Tuiskrift :1922- :i 1)23, p. 72. 

1923, N. furcata Butler, Biol. Brit. Hern. Het5r,, p. 659. 

1929. N. furcata Hutchinson, Annals of South African Museum, xxv, pt. 3, p. 363. 

1930. N. ftircata Jones, in Reprint from the Entomc)logi.st.s Record, XL-XIdl, p. 69, 

1930, N. furcata Larsen, Entomologisk Tidskrift, 1930, pp. 219-221. 

Size. Length, 16 mm.; -width of pronotum, 5.1 mm. to 5.4 mm, 
A large species that may vary both ways from above measurements. 

Color. A black and luteous species. Head and limbs Of usual 
color; scutellum black; hemelytra black or blue-black with two 
oblique luteous stripes on basal half; hemelytral suture pale; venter 
and abdominal dorsum dark. 
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Structural Characteristics, Head not prominent. Anterior out- 
line of head moderately convex; vertex shorter than anterior width ; 
margin of vertex less convex than margin of the eye; margin of 
vertex longer than the frontal margin of the eye; anterior breadth 
of vertex : synthlipsis : : 2:1. Pronotum more than twice as long as 
the head ; lateral margins moderately divergent and slightly concave ; 
anterior angles normal; lateral ledge, as seen from the side, slightly 
sigmoid, nearly horizontal and longer than rear margin of eye below 
it. Sciitellum longer than the pronotum. Anterior lobe of membrane 
slightly longer than posterior. Anterior trochanter of male with 
slight elevation that is obscured by a more or less dense pilosity. 
Mesotrochanter rounded. Terminal abdominal stemite of female 
large, constricted near the tip, which is bluntly pointed. First pair 
of gonapophyses moderately long. 

Location of Type. Unknown to me. I did not see it in the 
Museum at Upsala. Delcourt reports type of N. furcata Fabr. to 
be in Paris. 

Di^cussiofi. This species is better known under the names A'. 
furcata Fal:)i\ ; N. marginata Muller, or treated as a variety of N. 
glauca Linn. Doctor Esaki, 1928, says, “Kirkaldy identified this 
species, Notonecta furcata, aiict., with Notonecta mmginata Mulhr.” 
Mlillcr writes: ^'N. marginata clytris nigris: margine suturaque 
luteis'^ [Zool. Dan. Prodr. p. 104 (1776)]. This description does not 
agree with this species, and although ^‘furcata’^ is mentioned by 
Jensen-Haarup in Danmarks Fauna, I have no verification of its 
oceiuTence; in any case it is not a common form in Denmark, so 
that I do not agree with Kirkaldy’s opinion. On the other hand, 
niargmata, Muller, is most probably identical with one of the Corixa 
(sensu lilt.) species, as the description covers all the forms wliicli 
are common in Denmark, and marginata was placed by Muller be- 
tween Notonecta striata and N, minutissima, both of whicli are 
Gorixids. Tlie Britisli Museum copy of Miiller^s work originally 
belonged to J, C. Schiodte, the well-known Danish hemipterist, and 
among liis annotations he writes of Notonecta marginata Corixa 
hellensf Fallen, 183,'' so that there is little doubt as to the generic 
identity of Miiller’s species." 

Doctor Esaki, 1928, also says: '‘The name obliqua was referred 
to “Thnnl:)erg DD. Ac. Mus. Upsak, p. 61” by Kirkaldy. The cor- 
rect title of this book isr "Museum Naturalium Academic Upsalien- 
sis (|)neside C. P. Thimberg),” and different parts were worked out 
by different authors. Part V (pp. 59-68), "Donation Thunbergianae 


A- ■ 34S2 



54 


The University Science Buixetin 


1785j Continuat. Ill/' in which this species is included, was written 
by Olaviis Gallen, not by Thunberg, and was piiblislied in 1787 
(according to Hagen, Bibl. Ent., on December 5). His descri})tic)n 
is as follows: '‘Hemelytra nigris lineis diiabus obliqiiis al)l)reviatis 
cinereisT This agrees quite well with Notonecta furcaia Fabrieiiis, 
and therefore I have synonymiised the latter with N. obliqua (lalleii. 
While Delcourt^- found all color pattern gradations lietween this 
species and N. glauca Linn., and Despax concludes that it is only 
a variety of N, glauca Linn., I am retaining them as distinct tlioiigli 
closely related species and await the conclusions of Doctor Poisson, 
who has, at his command much material and the advfintage of recent 
morphological studies. 

Data on Distribution, Northern and middle paliea, retie. Doctor 
Poisson writes me that it is to be found in the east, north, north- 
west, west and central France, and that most typical form aijpt'ars 
to be that from Normandy. 

Notonecta obliqua delcourti^ Poisson 1933 

1933. N, ohliqm delcourti Poisson, Annales de la Boc. Enfco. d« Frfmce. Janvier, lOi'iiie 

1933. iV. obliqua delcourti Poisson, Bull, de la Soc. Scion, de Bretagne X, Fa.sc. HI et IV. 
(Reprint, p. 3.) 

This variety, Doctor Poisson says, is distinguished from N, obliqua 
obliqua Gallen by having in addition to the two typical bands on 
the hemelytra a large flavous spot beyond tlie corial band. I have' 
not seen this variety. 

Notonecta obliqua meridionalis Poisson 1926 

(Color Plate V, fig. 5; Plate XVI, fig. fi) 

1920. N. fiircata Fabr. var. nieridmmlk Poi.s.son, Bull. Boc. IliNt. Nut. Ai'ru|Ut‘ Non!, 
xvii, p. 240, November, 1920. (also p. 209, December), 

192S. N. furcata Fabr. var. meridionalis I’oisson, Bull. Boc. Ento, Frunre, No. 0, i*. I <05, 

1928. AT. obliqua Gallon var. meridionalis Poisson; Esaki, Annals and Mag, Nat. llird., 
ser. 10, vol. ii, p. 09. 

1929. N. obliqua Gallon var. meridionalis Poisson; Hutdiin.son, Annul;- Bout It Afriium 
Museum, xxv, part 3, p. 303. 

1933. N. obliqua meridionalis Poisson, Annales de la Soc. Ento. de Frau<n\ Janvier, HUiH, 

1033. N, obliqua meridionalis Poisson, Bull, de la Soc. Scien. de Brctagiu* X, !''asc. Ill 
and IV. (Reprint,, p. 3.) > 

Referring to this species, also: 

1897. N. marginata Kirkaldy, Trans. Ento, Soc. London, p. 421 (Bind Valle.v, Kawlmiir). 

1925. N. furcata Poisson, Bull Soc. Ento. France, p. 270. 

1925. N. furcata Poisson, Bull Soc. Ento. France, p. 328, fig. 3. 

Size. , Length, 13.2 mm. to 15 mm. ; widtli of pronotum, 4.8 mm. to 
5.4 mm. 


Poisson describes as a variety, not a subspecies. 
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Color, General facies darker than N. obliqua Gallon. Hemelytra 
nearly black except for a broad flavous line on the basal half of 
clavus. Some specimens may*show a small flavous. stripe or some 
maciilations on the corium. 

StTuctimil Characteristics. While I cannot fix upon any very 
g’ood external characters to sepai’ate this from N. ohliqua Gallen/ 
the lateral margins of the pronotum seem straighter and more di- 
vergent and as viewed from the side the pronotum more elevated 
in the rear. The claspers of the two males I have examined differ 
from those of N. obliqua as indicated on Plate XVI. 

Location of Ty^e. Not indicated in Poisson’s description. 

Comparative Notes. In naming this variety Doctor Poisson says 
that it is a little smaller than the typical N. obliqua Gallen and 
usually only presents one flavous line on the hemelytron, this is on 
the claviis. In N. obliqua Gallen there are two slightly diverging 
longitudinal flavous lines on the base of the dark hemelytra, one 
on the corium and the other on the clavus. 

Data on Distribution. Doctor Poisson w'rites me tliat this species 
is around the Mediterranean region. Southern France, Iberian Pe- 
ninsula, North Africa, Asia Minor, Greece, Macedonhi, Albania and 
Italy. I have specimens before me labeled as follows: Tunisia, 
Tabarca and Ain Draham (Budapest Mus.) ; Sind Valley, Kashmir 
Det. by Kirkaldy as N. glauca L.; Mor. Sidi Dris de Barein G. 
Bucket 1903 (Paris Mus.) ; Constantine, J. Sahib. Det. by Kirkaldy 
as N. glauca var. marginata Mtill; Zaguan, J. Sahib.; Philippeville, 
Algerie, A. Thery. 

Notonecta amplijica Kiritshenko 1930 

(Color Pluto V, fig. 4 ; Plate XVI, fig. 4) 

11), HO, N. (impliftca Kiritshenko, Aimuain* dii Musoe Zoologiqiie de I’Aeadeniits des 
Sciences de I’lT. 1{. S. S., 19S0, pp. 434 and dose, on pp. 4H7-438, figs. 1, 2, 3, 4. 

* Size. Length, 17 mm. to 18.3 mm.; widtli across thorax, 6 mm. 
to 6.3 mm. 

Shape. Robust. 

Color. Head, pronotum, limbs and connexivum dark testaceous. 
Rear half of pronotum darkened by black beneath. Scutellura with 
basal two-thirds black mottled with pale yellowish spots. Tip pale, 
Hemelytra pale brown. 

Structural Characteristics. Male head a little broader tlian that 
of female; anterior margin of vertex : synthlipsis : : 9 : 4.1. Pro- 
notimi somewhat arelied, lateral margins slightly sinuate. Scutellum 
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and elytra! suture about equal in length. Anterior lobe of mem- 
brane very slightly longer than posterior. Anterior trocliaiiter of 
male without hook or marked dentation. Middle leg as in N. 
ambiensis, but distal femoral tooth stouter and rear margin of til)iM 
slightly emarginate and minutely denticulate. Terminal alxlomiiial 
sternite of female strongly constricted. Male genital eapsiih‘ as 
shown on Plate XVI, fig. 4. _ 

Location of Types, Described from southeastern Siberia, Ty|)C‘s 
in Petrograd, paratypes in University of Kansas Collection. 

Comparative Notes, A large robust species related to N, iriolacea 
Kirkaldy and N, arabiensis Hungerford, sec key under N, violacea 
Kirkaldy. Three specimens more slender and of liiteous color from 
''Amur,^' in British Museum, were labeled by Doctor Kiritslienko 
as N. lutea var. scutellaris. The male genitalia sliows tliem to I)e 
N. amplifica Kiritshenko. 

Notes on Distribution. '^Habitat in prov. Prirnorskaja Sibirite 
Orientalise baud procul a Vladivostok (Sedanka, Tshernaja 
Rjetshka, .Okeanskaja) et Novakievskoje in litore sinus Posjet. 
{21-21 ixl928, Prinada leg.)’^ 

Doctor Kiritshenko was kind enough to send me two spe<'imens 
from Vladivostok. 


Notonecta lutea Miiller 1776 

(Color Plato IV, fig. 7; Plate XVTT, fig. 2) 

177C. N. lutea Miillor, 55ool. Dan Prodr., p. 10'}, 

1778." N, lutea Muller; CfOeze, Ento. Beylr., IT, p. 17{l. 

1804. N. lutea Muller; Weber and Mohr, Naturh. Beiso do. Schwetl, p. 00 (Fieber). 
1814. N, lutea Muller; Fallen, Hydroc. Nauc. Suee., p. 0 (Van Diwoe). 

1829. K. lutea Muller; Fallen, Htni. Svec., p. 178. 

1851. N. lutea Muller; Fieber, Abh. Bobm. Gesel. Wiss. (r0» vii, i», 47;{. 

1860, N. lutea Miiller; Flor, Bhynoh. Livl., 1, p. 774. 

1861. N. lutea Muller; Fieber, Eur. Hew., p. 100. 

1876. N. lutea Miiller; Sahiberg, Not. SaU.sk. Fauna Feiw. Fiirh., xiv, j», 271 (Kirkaldy). 
1879. N. lutea Muller; Puton, Synop. Hcter, Fr., p. 218. (From Van j.aginatH.n 

of Separate.) 

1881. A', lutea Muller; Puton, Synop.ais des Hemipt.-Heteropt, d(^ France {i« Parlie, 
Memoires de la Soci6t6 des Sciences de I'Agri. et des Arts do Idllo, 4‘' Series Tome ix, p. 122. 

1888. N. lutea Muller; Heuter, Bev. Synom., p. 274, No. 361, (From Van Diweo— 
Pagination of Separate.) 

1888. N. Miller; Beuter, Bevisio Synonyinicu irotoropter<>rum Pahearcticonun 
in: Acta Societatis Scientiaruin Fennicai, Tom. XV, p. 728. 

1891. N. lutea Muller; Duda, Klub. prirod. Praze, p. 13, pi iv, fig. 1. (Kirkaldy). 
1897. N. lutea Muller; Kirkaldy, Trans. Ento. Soc. Loudon, 1897, p. 426. 

1905, At; lutea Muller; Flueber, Jahresh. Ver. Vaterl Naturk. WUrlttmiherg, Ixi, p. U8, 
1909. N. lutea Aliiller; Oshanin, Verz. Paljo. Hem., I, p. 070. 

1909. N, lutea Muller; Kuhlgatz, Susswasserf. Deutschl. (Brauer) VII, p. 82, 

1912. .V. lutea ATuller; Jensen-Harrup, Danmarks Fauna, xii (Tieger)’ p. 31* 

1912. Ak lutea Miiller; Oslianin, Katalog der PalUarktischen Hemipteren, i>. 01. 

1916. Al lutea Aliiller; Imndblad. Ento. Tidsk., p. 220. 
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11)22. N. I idea Muller; lAmdblad. Ento, Tidsk., p. 73. 

15)23. N. hdea Muller; Bueno & Hussey, Bull. Brooklyn Ento. Soc., xviii, p, lOO. 

1024. N. hdea Mviiler; Hale, Broc. Lin, Soc. New South Waltv«, vol. xlix, pt. 4, p. 402. 

(Notes concerning.) • ■ * 

1025. N, hdm Miillcr; Schmidt, Jahrb. ties Nassauisclien \’eriens ftir Naturkunde, 
Jahrgang 77, p. 78 (*'neu fiir die Ehemprovinz”)- 

1028. N. hdea Mtiller; Hutchinson, Ento. Mo, Mag., Ixiv, p. 35, 3f5. (Figs, genital 
capsule). 

1020. N. hdea Miiller; Hutchinson, Annals of South African Museum, !x.xv, pt. 3, p. 363. 

Referring to this species, also : 

1835. N. unicolor Herrich- Schaffer, Noincncl. Ento., 1, p. 63. 

1845. N. unicolor Herrich- Schaffer, Wanz. Ins., viii, p. 23. 

1861. AT. twnida Germar Ms., Fieber mentions in his Rhynchotographicen, p. 473. 

Size, Length, 14-16 mm.; width of pronotum, 4.8-5 mm. 

Shape. Fairly plump-bodied insects. 

Color. Typical color is luteous with brown ventor and legs of 
intermediate color. The costal margin of hemelytra often brown. 
Rarely thei^e may occur melanistic specimens having black scutellum 
and dark hemelytra. 

Structural Characteristics. Anterior outline of liead, viewed from 
above, flattened; vertex shorter than its anterior width; anterior 
margin of vertex less convex than the margin of an eye; anterior 
breadth of vertex : syntiilipsis : : 2.2 zt : 1. Pronotum at least twice 
as long as the head as seen from above; lateral margins of pronotum 
concave and only moderately divergent; anterior angles sliglitly 
produced, blunt; lateral ledge as seen from the side nearly straight, 
but slightly oblique, and subequal in length to the rear margin of 
the eye below it. Scutellum subequal in length to the pronotum. 
Ridge of hemelytral suture longer than scutellum. Anterior lobe of 
membrane longer than posterior one. Anterior trochanter of male 
with hook; mesotrachanter rounded, middle femur with a long stout 
anteapical tooth. Terminal abdominal sternite of female broad, 
somewhat constricted before the tip, which is blunt. First pair of 
gonapophyses in the female stout, broad and moderately long. The 
male genital capsule with short digitate process and clasper as shown 
on Plate XVII, fig. 2. 

Location of Type. Kirkaldy reports that the type has been lost. 
The species, however, is well known. 

Comparative Notes. This large pale species has its counterpart 
in N. borealis Bueno and Hussey of Northern North America which, 
for a long time, was confused with the European species and led 
to the erroneous record of ^‘Nearctic” in Oshanin’s catalogue. It is, 
however, structurally different from the American species, as shown 
by a study of the genitalia of both sexes. It is also specifically 
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different from the species named N. Intca var. scutellanH by lieutcr 
(see Plate XVII, figures 1 and 2. 

Data on Distribution, This is a nortliern species. Reported by 
Oslnmin in liis catalogue as present in middle^ and northern l^tirope, 
Griniea and Siberia. Schmidt has reported it from the Rliine prov- 
ince, and I have specimens taken by Dr. 0, Lundlilad in Sweden ; 
by PL Liiidberg, in P'inland; and others from Bohemia and Kossaii. 
Doctor Poisson has kindly written me that this species is found in 
the northern part of eastern and central Europe, its western limits 
passing from Hanover southward through Alsace, tlie Juiai and tin? 
Alps. He reports finding this species at one place, however, fartlier 
west (Lac d’Estivadoux near Besse in the department Puy-dc-Dorne, 
France). From the map before me this appears to t)e in the Auvergne 
mountain district. Since the specimens from tiiis place in France 
are structurally like N, reuteri Hungerford instead of like wliat I 
believe to be N, lutea Muller, the distributional lecords of these two 
species must be revieived by the reexamination of all available 
material. 

Biological Notes, Delcourtp^ 1909 , gives considerable informa- 
tion about the distribution of this species and reports upon catches 
he has made. In collecting at Ulm, on August 25, 1907, lie discovered 
that this species was fully developed sexually, while N, glauca L. 
was plainly of the new generation. Wesenberg-Lund,’^‘^ 1915, reports 
that N. lutea Muller inserts its eggs into the tissues of plants and 
winters in the egg stage, its young hatching in tlie spring along 
with those of N. glauca L. While the egg stage of tlie latter lasts 
from four to six weeks, that of N, lutea Muller from eiglit to nine 
months. 

Notonecta lutea Muller var, schuniachenf Scliirmer, 1911 

3911. N, lutea Mullfr var. schut/iadieri, Schiniu-T, DcutsUi. Enid. Zeit., p. 

1912. N. lutm Miiller var. schumavheri, Schimier; Oahnnin, Katalcig dt-r italilarki. Hern., 
p. 91. 

1928. iV. lutea var. schumachcri, Schimi€*r; Esaki, Annals and Mag. Nat. llist, (3 0), 
II, p. n. 

Mr, Schumacher describes this variety as follows: 

^Tar. Schumacher i Schirmer nov. In Grosse und Form der Stainmart 
gleich, aber ganz Schwarz, nnr der Kopf, das Pronoturn und eiii schmaler 
Flugelseitenrand gelb. Diese aufallige Varietat erlaube ich inir dem ausserst 
strebsamen jungen Forscher auf dem stiefmiitterlich behandelten Gebiete der 
Rhynchoten, Herreii F. Schumacher, zu widmen. In 2 Ex. wurde diese 
Varietat von mir mit der Stammform zusammen gefangen.” 

T do not agree that this should receive a varietal name. It is, no 
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doubt, nothing more than an example of melanchroism in N, hitea 
Mtiller, siieli as I described in AT', borealis Bueno and Hussey (1928). 

Notonecta reuteri Hungerford 1928 

(Color Plate IV, fig. 9; Plate XVII, fig. i:) i 

1028. N. Muller var. reuteri Hungerford, Bull. Brooklyn ' Ento. Soc., x.Kiii, June, 

1U28, No. 3, p. 128. (New name for N, lutea var. scutellaris Reuter, 1880, which was 
preoccupied by N, variahilis var. scutellaris Fieber 1851.) 

Referring to this species, also: 

1880.. N. lutea Miiller var. scutellans Reuter, Medd. Soc. Faun. Flor. Fenn., xiii, p. 234. 

1807. N. lutea Miiller var. scutellaris Kirkalcly, Trans. Ento Soc. London, 1807, p. 425 
(credits variety name to ‘^Sahlb. S."). 

1899, N. lutea Muller vn,r. scutellaris Puton, Revue D’Entomologie, Tome xviii, p. 80 
(credits var. name to “Sahib. S.’’). 

1904. N. lutea Muller var. scutellaris Kirkaldy, .Wien. Ento. Zeit,, xxiii, p, 132 (credits 
var. name to “Sahib. S.”). 

1909. A^. lutea Miiller var. scutellans Reuter; Oshanhi, Verz:. Pahe. Hem. I, ji. 976. 

1912. N, lutea Muller vai'. scutellaris Reuter; Oshanin, Catalog, der Palilarkt. Hem., 
p. 91. 

1927. A\ lutea Miiller var. scutellaris Reuter; Esaki, Ann. & Afag. Nat. Hist. lO), xx, 
p. 286 (Footnote). 

1928. N. lutea Muller var. scutellaris Reuter; Esaki, Ann. & ATag. Nat. Hi.si. (10), 
vol. II, p. 70. 

1933. N. lutea Pois.son, Aniiales de la Soc. Ento. de France, Janvier, 1933. 

1933. N. lutea Poisson, Bull, de la Soc. Scien. do Bretagne, X, Fasc, III et IV (Reprint, 

P. 1). 

'Size. Lengdh, 14-15 width of pronotum, 4.8 mm. 

Shape. Slightly more slender and less elevated on the back than 
N. lutea Muller. 

Color. T 3 ^pical color is luteous with a dark median spot on the 
anterior portion of scutellum and a brown band along costal area 
of hemelytra, which is broader in rear than in front. 

Structural CJiar act eristics. Anterior outline of head, viewed from 
a,l)()V(‘, flattened; vertex a little shorter than its anterior width; an- 
terior margin of vertex less convex than the margin of an eye; 
anterior margin of vertex : synthlipsis : : 2 : 1. Pronotum usually 
less than twice as long as the head as seen from above; lateral mar- 
gins of pronotum concave and only moderately divergent; anterior 
angles more sharply produced than in N. lutea Muller; lateral ledge 
as seen from the side nearly straight, but slightly oblique and a 
little longer than the rear margin of the eye below it. Scutellum 
subequal in length to pronotum. Ridge of hemelytral suture longer 
than scutellum. (Anterior lobe of membrane longer than posterior 
one.) Anterior trochanter of male with a hook; mesotrochanter 


* The specimens bo kindly sent to me from France by Doctor Poisson are only slightly 
more than 12 mm. long and have the scutellum pale. See my comments under N. lutea . 
Miiller. 
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rounded. Middle femur with a stout anteapical tooth. Terniiual 
abdominal sternite of female broad, more strongly constricted l>e-. 
fore the tip than in N. lutea Muller. First pair of gonapopliyses in 
the female strong and moderately long. Male genital capsule with 
short digitate process and clasper as shown on Plate XVII, fig. 1. 

Location of Type. Kirkaldy referred to N. lutea var. sadellaris 
J. Sahib, and said it was exhibited to the Societas Fennica and a 
specimen given to him. I have this specimen before me. Doctor 
Kirkaldy was in error in assigning this species to J. Sahlberg, since 
Doctor Reuter had named it in 1886. The type ought, tlierefore, to 
be in Helsingfors, Finland. Since the name N. scutellans was used 
by Fieber, 1851, for a Notonecta from South America, a cluinge in 
name was necessary and, therefore, in 1928, N. reAitcri was pro|)osed. 

Comparative Notes. This will be seen to be a species distinct 
from N. hitea Muller. Aside from a difference in the typical coloring, 
the shape of this species is more slender, the head and thorax are 
longer, and the male genitalia are different, as shown on Plate XVII , 
figures 1 and 2. 

Data on Distribution. The J. Sahlberg specimen before me is 
from “Jaakima vii-20-1881.^’ It is this specimen that is figured in 
Color Plate IV. Other specimens are recorded from Finland, Tam- 
mati; Jaakima, Finland (on the northwest shore of lake Ladoga and 
almost directly north of Petrograd). Doctor Kiritshenko lias kindly 
given me specimens labeled ^Xake Tsheznoje, near the rise of the 
river Oredezh, distr. Luga, Petrograd.” Doctor Poisson writes rne 
that the distribution of this species as he knows it is Finland, nortli- 
ern Russia and eastern Siberia. 

There are in the British Museum three large, pale specimens, 
labeled by Kiritshenko N. lutea var. scuteMaris, coming from 
^'Amur” An examination of a male shows tlicm to 1)(‘ smalha’ mid 
paler than N. amplifioa, but the male possesses a genital ca|)sule and 
claspers like N. amplifica Kirit, 1930. 

Notonecta viridis viridis Delcourt 1909 

(Color Plate V, fig. 14; Plate XVII, fig. 12) 

1909. N. viridis Delcourt, Bull, Sci. Prance de Belgique, xliii, p, 370; Tub. iv., Hji. 2; 
Tab. V, lin. 18. 

1924. N. viridis Poisson, Bull. Biol. Sci. France et Belique, Iviii, Fuse. 1 (Life liiniory and 
figures). 

1925. N. viridis Poisson, Bull. Soc. Ento. France, 1925, p. 256. (Says M. halophila Edw, 
is a synonym.) 

1928. N. viridis Hungerford, Annals Ento. Soc. Am., xxi, p. 143, pi ix, fig. L 

1928. N. viridis Esaki, Annals and Mag. Nat. Hist., ser. 10, voL ii, pp. 68 and 74. 

1933. N. viridis viridis Poisson, Annales de la Soc. Ento. de France. Janvier, 1933. 
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1933. N. viridis vindis Delcourt; Poisson, Bull, tie la Soc. Sclen. de Bretagne, Toth. X, 
Fast*, m et IV. (Reprint, p. 1.) 

Referring to this species, also: 

1848. f N. var. pallida Amyot, Ento. Franc. Rhynch., p. 337 (nora invalid, note by Esaki). 

1897. TV. glauca var. glauca Kirk., Trans. Ento. Soc. London, 1897, p. 421 (in part). 

1918. iV. halophila Edwards, Ento. Mon, Mag:., Uv, p. 58. 

1923. N, halophila Butler, Biol. Brit. Hem. Heter., p. 559. 

1930. JV, halophila Jones, in Reprint from' The Entomologists Record, vols. XL-KLIT, p. 69. 

Size, Length, 14.4 mm. to 15 mm.; width of pronotum, 4.5 mm. 
to 4,8 mm. 

Color. General facies light. Head and limbs of usual color, often 
suffused with green. Scutellum black. Hemelytra when fully pig- 
mented as shown in Color Plate V. Usually the hemelytra are less 
pigmented, the dai*k pigment confined to a row of spots along costal 
area and an X-shaped figure, the center of which is just behind the 
tip of the clavus. 

Structural Characteristics. Head not prominent. Anterior out- 
line of head very slightly convex; vertex shorter than anterior widtli; 
margin of vertex less convex than margin of the eye; anterior 
breadtli of iTirtex : synthlipsis : : 2 + : 1. Pronotum more than twice 
as long as the head; lateral margins only slightly divergent and 
plainly concave near the anterior end; anterior angles acutely pro- 
duced and strongly embracing the eyes; lateral ledge (li.stinctly 
sigmoid, nearly liorizontal and a little longer than the rear margin 
of the eye below it; other characters like subspecies below. 

Location of Type. In Delcourt’s collection. I am very unhappy 
to differ wdtli Doctor Esaki concerning this nomenclatorial problem. 
He gives some quite convincing arguments why this species should 
be called N. rnarniorea viridis Dele, and the next one N. mannorea 
numnorea Fabr. 

At tlic^ time I labeled my colored plates I was inclined to accept 
Doctor Esaki’s conclusions. After furtlier reflection, however, I am 
forced to reject my former stand in the matter. Fabricius described 
N. rnaoulata in 1794. This species he described from specimens 
taken near Paris and is a readily recognized species with “abdomen 
atnim, fascia baseos apieeque fulvis.” Although he wrote “Scutellum 
album,” it is generally conceded that this was a typographical error 
for “'Scutellum atruin.” The identity of this species is not disputed. 
Then, in 1803, he described specimens from Algeria as N. marmorea 
as follows: “A. glauca elytris testaceis fusco maculatis. Habitat in 
Algier. Doin. Stubb. Mus. Dom. de Sestestedt. Statura omnino N. 
glatican Caput et thorax glauca, immaculata. Scutellum atrum. 
ISlytra testaccui, fusco maculata. Corpius nigrum pedibus glaucis.” 
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When he says “Corpus atrum pedibus glaucis’^ his attention may 
have been focused upon the underside of the entire body. To con- 
sider “Corpus atrum” as meaning the abdominal dorsum would not 
be true for Ah viridis Dele, any more than for N. maeukita Fabr,, 
because Delcourt’s species has the distal part of the abchnnen pale 
above. 

I agree that the remainder of the description seems to lit Ah 
viridis Dele. However, there are no specimens of N. viridis coming 
down from Fabricius^ time, and there are two specimens in t lie 
Aluseum at Copenhagen that are now labeled types and which were 
named by Fabricius. One is a male labeled “AIiis. Sell. & T. Inmd” 
and “Ah mcmnorea ex. Algier Stub.” The otlier is a female labeled 
“‘Mus. Sell. & T, Lund.” The male now^' has the hemelytra open jmst 
enough to sliow tlie ^mllow base of the abdominal dorsum. 

Deicourt, 1909 (p, 377), noted this, for he wrote “IjCs earacteres 
tout a fait particuliers de coloration jaune d’line partie des tcrgitCvS 
et tout I’ensemble ne permettent pas chen douter.” He, too, liad 
seen these types and declared them to be N. maculata Fabr. Blsaki, 
1928 (p. 72), writes: “Thus Deicourt synonymized 7narmorea with 
maoidataj but he does not actually mention whether or not he ex- 
amined the dorsal surface of the Fabrician specimens, and he was 
ignorant of the pronotal differences between viridis and ^naculata, 
I am of the opinion that the type specimens of authors writing at 
the time, when the conception of the type specimen was not yet 
established, cannot be accepted as the standard for the species, unless 
they well agree with the description of the author, because, in those 
days, so many specimens were not, or insufficiently, labeled that tliere 
were a great many possibilities of confusion. . I must report 
that in these two specimens the anterior lateral angles of the. {iro- 
notum are not produced as in N. viridis Dele. The Bpeciinens are 
the same as N. mamlata Fabr, I believe them to lie the typ(‘s of 
N, marmorea Fabr. and in spite of the description should be recog- 
nized as such. Wliile Doctor Esaki’s arguments would be acceptaliie 
if no historical specimens were at hand, it would be unwise to igiiore 
the specimens in Copenhagen and apply the name to some other 
species which also fails to meet the requirements of tlie description 
in some particular. 

Comparative Notes. Distinguished from other European species 
at once by the acutely produced anterior angles of pronotum which 
embrace the eyes (except N. renteri Hungerford) . 

Data on Distribution. For the most part at least this form in- 
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habits brackish water, although Delcourt took it in fresh water near 
Paris and Poisson records it from Caen and Rennes. Doctor Poisson 
writes me that the distribution as known includes England, the west 
and northwest coast of France and the fresh-water records in 
France as given above. My own specimens are from England. 

Biological Notes. Doctor Delcourt in establishing this species 
based his conclusions regarding its specific distinctness more .upon 
biological than structural evidence. He studied its natural habitat, 
its refusal to mate with N. glauca Linn., its less early development, 
its relative resistance to environmental adversity, and noted that its 
eggs and nymphs are smaller than those of N. glauca Linn. It re- 
mained for Edwards to point out a structural detail useful in deter- 
mining this species. He pointed out the acute anterolateral angles 
of the pronotum of his N. halophila, which is now recognized to be 
N. viridis Delcourt. Like most other European species, this one 
deposits its eggs in the tissues of plants and winters as an adult 
insect. 


Notonecta viridis meditcrrmiea Hutchinson 1928 

(Color Plate TV, fig. 5.) 

1028. N, viridis mediterranca Hutchinson, Ento. Mo. Mag., ixiv, i>. 85 (new name for 
N. viridis ma'idioixalis Hutch.). 

1088. N. viridis mediterranea Hutchinson; Poisson, Annales de la Soc. Ento. de France. 
Janvier, 1988. 

1988. viridis mediterranca Hutchinson; Poisson, Bull, de la Soc. Scien. de Bretagne X. 
(reprint, p. 2). 

R('ferring to this species, also: 

IS, 85. N. glauca var. ^ Burmeister, Handb. Eiit. IT, p. 190. 

1840. f. IV, 77mrmoraki Spinola fide Pabr. E-ssai Ins. Hem., p. 59. 

1840. N. glauca vnr. maculata Blanchard, Hi.st. Nat. Ins., iii, p. 80. 

1848. N. glauca vnr. marmorea Amyot and Servillc, Hem., p. 453. 

1848. A', XRV. 7nafnwre(i Amyot, Ento. Franc. Khynch, p. 337 (Esaki says “norn. invalid"). 
18.51. A^ fabrlcn var. marmorea Fieber, Abh. Buhm. Gesel. Wi.s. (5), vii, p. 474. 

1801. N, fabrkii var. viannoTea Fieber, Eiir. Hem., p. 101, 

1808, N. ghuca var. marmorea Stal, Sven.sk. Vet. Akad, ilandl., vii, No. 11 (Hem. Pal»r,), 

p. 180. 

1880. A\ glauca var. marmorea Puton, Synop. Hern. H6t4r, France, iii, p. 217. 

.1881, N. glauca var. marmorea Fabr., Futon, Synop.sis, H4m. H6ter. France in: Memo ires 

de la SocF'te dcs Sciences de rAgriculture et des Art.s, 4° S5ne, Tom. ix, p. 121. 

1888. N, glauca var. marmorea Reuter; Kev, Syn. HCder. Pahearcticorum m: Acta Soc. 
Scient. Fennicja, Tom. xv, p. 720. 

1807^ N. glauca var. marmorea Kirk., Rev. d*Ento., xvi, pp. 223, 224. 

1807. N. glauca var. marmorea Kirk., Trans. Ento., Soc. London, 1897, p. 421. 

1900. N. glauca var. marmorea Distant, Faun. Brit. Ind. Rhynch, iii, p. 42. 

1907, N. marmorea Fabr, ; Delcourt, Comptes Rendus des Stances et Mem. de la Soc. de 
Fr. Biologie, vol 62,’ pp. 11-13, 

1000, N, viridis Delcourt, Bull. Soc. France et Belgique, xliii, p. 879 (in part). 

1000. N. glauca var. marmorea Oshanin, Verz. Palce. Hem., I, p. 075. 

1915. A'”, glauca var, marmorea Bollweg, Verb, des Naturtist. Vereina der Preussischen 
Rheinland imd Westfalens 71, Jahrg. 1914, Mai, 1915, p. 174. 
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1922. glauca var. inarmorea Despax, Bull. Soc, Hist. Nut. Toulotisc, 1022, |*j>. 97-112, 

1924. N. inarmorea Poisson, Bull. Biol, do la France ot do la Bol^. T. Iviii, Fuse. 1, p. IK). 

1925. N. viriditt Poisson, Bull, Soc. Ento. France, p. 328, fig. 1. 

1927. N. viridis meridiomlis Hutchinson, Ann, and Mug. Nat. Hist, (!t », xx, p. .‘{75 
(description given, name later cliang<,*d. ). 

1928. N. marmorca marmorea Esaki, Annals and Mug. Nat. Hist., sor. 10, vol ii, p. il7. 

1928. N. viridls ‘nieridioiialis Poisson, Bull. Soc. Ento, France, No. (5, p. lOT. 

1920. N. inarmorea mornioreu Hutehiason, Annals of South African Mus., \‘o!. xw , pt. 3, 
p. 3<{3. 

Size. Length, 13.2 mm. to 14.4 mm.; width of pronotiinij 4,2 mm. 
to 5 mm. 

Col<y}\ Some specimens are colored as in the illustration on Color 
Plate IV, otliers show the I'ear half of pronotum darlc, due to the 
black mesonotum beneath, and have the lighter markings of the 
hemelytra tan to pale orange. Scutellum black. The costal area 
of the hemelytra nearly always checkered with a row of rouglily 
rectangular spots. Venter black except connexivum and tip of ab- 
domen. 

Structural Charactenstics. Head not prominent. Anterior out- 
line of head moderately convex; vertex shorter than anterior widtli; 
margin of vertex less convex than margin of the eye; niargin of 
vertex longer than frontal mai-gin of the eye; anterior breadth of 
vertex : synthlipsis : : 2 + : 1. Pronotum more than twice as long as 
the head; lateral margins only moderately divergent and slightly 
concave; anterior angles acutely produced and embracing tlie eyes; 
lateral ledge, as seen from the side, distinctly sigmoid, nearly hori- 
zontal and a little longer than rear margin of tlie eye below it. 
Scutellum longer than the pronotum. Anterior lobe of inembrane 
longer than the posterior. Anterior trochanter of male with slight 
obscure elevation. Mesotrochanter rounded. Terminal al)doiiiinal 
sternite of female large, constricted near the tip, wliicli is liluntly 
pointed. First pair of gonapophyses moderately long, 

J^ocation of Type, Now in British Museum. Type lal)eled ^tAs- 
troni near Naples, Italy, 19, IV, 1926,’^ 

Data on Distribution, I consider the species to include 3 sub- 
species, one of wliich is N, viridis mediterranea Hutch., and Iuiyo 
seen specimens labeled as follows: ^^Egypte, Bir-Hooker, J. Dewitz, 
1904;’’ “Milano, Italy; Tyrolia, J. Sahib;” “Bethlehem, J. Sahib;” 
“Kotschy, Ost Medit.” (Vienna Mus.); “Baluchistan, Kushdil, 
Khan Pishin, India”; “Plateau Persan occid. De Hamadan a 
Zendjan J. de Morgan, 1904 (Paris Mus.).” Doctor Poisson has 
kindly supplied me with the following distributional notes: “Soutli- 
em France, Spain, North Africa, Italy, Sardinia, Sicily, Corsica, 
Hungary, Greece, Cyprus, Macedonia, Asia-minor, Palestine, Cri- 
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mea, Transcaspia, Persia, Turkestan. About the Mediterranian, 
but showing a tendency toward a vast dispersion east and south- 
euvstward.’^ My own observations extend this eastward distribution 
to India, and Hutchinson lists Daulatabad, Seistan. 

Notonecta viridis kashmiriana new subsp. 

(Color Plate V, fig. 13; Plate XVII, fig. 6) 

Size. A little smaller than the others. 

Color. Typical color as shown on Color Plate V. 

Structural Characteristics. Closely related to N. viridis mediter- 
ranea Hutch. The synthlipsis relatively a trifle wider, the lateral 
margins of the prothorax more divergent and the genital claspers 
of the male as figured on Plate XVII, fig. 5. 

Location of Types. Holotype and allotype in Indian Museum, 
Calcutta; paratypes in Francis Huntington Snow Entomological 
Museum, University of Kansas. Described from five specimens 
labeled: “Kashmir Survey, Pond on roadside near Missionary Hos- 
pital, Sprinagar, Kashmir, N. W. Himalayas, Sta. 3, 10, VI, 21.^^ 

Discmsion. There is before me also a series labeled: “Daulata- 
bad, Seistan 20. XII, 18. Sta. 29, B. S. Village Pond.’^ In these the 
male genital clasper is not quite like the above, but intermediate 
between it and N. viridis medHterranea Hutch. These groups appear 
to involve the same problem encountered with N. imifasciata Guerin 
in America. 

NOTONECTA OF WESTERN HEMISPHERE 


Key to Notonecta of North^ CKNTitAE,, and Insular AMERiCAf 

1. Ki-el of fourth abdominal sternite bare, the hains confined to the sides. (See Plate 

X, figs. 1 and 2) (2) 

Kw‘l of fourth .stoiniti* not burn {(‘xrept in N. boi’calis). (Sow Plate X, figs. 8 and 4, (14) 

2. Hoiul bread; eyes latge aiul broad, rear width usually greater than length of the 

lateral margin of pronotuni; .scutellum con.spicuously broader than long; la.st 
abdominal sternite of female narrow^, side margins usually concave. (See Plate 

X, fig. 1) (3) 

lleatl not conspicuously broad and short. Eyes not transverse, rear width not as 
great as length of lateral margin of pronotum. Scutellum not conspicuously 
broader than long. Tlie la.st abdominal sternite of female not narrow wdth con- 
cave side margins. (vSee Plate X, figs. 2 and 3) (12) 

3. Lateral margins of pronotum of males straight* and nearly so in female. Penultimate 

abdominal sternite of female slender at tip (4) 

Lateral margins of lu'onotum of males at least slightly concave, females plainly so. 
Penultimate abdominal sternite of female fairly broad, explanate near caudal end 
or, if slender, plainly running to this section by the concave lateral margins of 
pronotum (6) 


■f Head Sw’tion III beginning p. 12. 

* Males of ceres i^tirtoni have lateral margins of pronotum almost straight, but the 
fianales have the margins plainly concave. 
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4. 


C. 


(7) 

( 1 >) 


S. 


Length not more than 12 ini,n. Last abclouiinal .slernite of maU; not iinuHuully 
broad. Penultimate abdominal sternite, of female, pointed at tip. I.ast stcrnite 

slender. (See text figure 3) N. hoffmrwnL 

(California, Arizona aj»d bower California, |>, 6S,) 

Length more than 12 mm. Last abdominal .stei’iiite of male unusnully broad. 
Penultimate abdominal sternite of female not pointed, lait more or h‘s.-« incised 

at tip and last atornite rather broad. (Plale X, fig. 1) (a) 

Genital capsule of male with large lobe in front of elaaper. PimuHimute ul>dominal 

sternite of female, plainly notched at tip.,, ,V. 

(New Mexico, T(‘sa.s, Mexievi, j>. Vh.) 
Cfeuital capsule without large lobe in front of clasper. Penultimate abdominal 

sternite of female faintly notched at tip N, hintoni, 

C Alex' ieo, p. 72.) 

Anterolateral angles of pronotum acute and snugly embracing the eyes. (Plate 

xvn, fig. 4) 

Anterolateral angles of pronotum not as above (See Plate VIII, fig. 8) 

7. Lateral margins of pronotum abruptly constricted, greatly so in female. Last 

abdominal sternite of female broad. (Text figure .n) N. mmpactu. 

('Mexiciu p, 78.) 

Lateral margins of pronotum concave, not abruptly constrict.ed. La.st tdMiominu! 

sternite of female narrow. (Text figure 5) (8) 

licngth more tlian 12 mm A. mfxivaiut. 

(Mexico, it. T.'i,) 

Length 12 mm. or less N. ni. ervUM^ri, 

('Mexico, i». 77.) 

9. Tjarge and robust. Alale clasper without sharp basal projection. lM‘mtde.s witli 
lateral margins of pronotum constricted just behind the anterolateral angles, 

which flare outward N. rabm^fa. 

(Mexieo, p, TS.) 

Size moderate to small f<tr this subgenus, ATale clu.spt‘r with u sharp basal pmjet'" 

tion. Females not as above (10) 

Lateral ' margins of pronotum of male almo.st straight. Penult, imate aluhtininnl 

sternite of female fairly broad and t*xpancled before the tip. (Text figure h) 

N. reren nfirfoni, 

(Mexico, i*. 81), ) 

Lateral margins of iironotum of male plainly concave. Pcnultimnfe alKlominal 

sternite of female narrow and .slightly expanded before tin? tip. (Text figure <>). (11) 

11. Length 12 mm. or less. The lateral margins of the pronotum of female const rictesi 

rrear the middle .V, ccrcfi rcrcs, 

(Costa Rica, i>. 79.) 

Length more than 12 mm. The lateral margins of the pronotum of feinalc con- 
stricted in front of the middle Ab c. rogersf. 

(Costa I'iicn, in 81.) 

12. Keel of fourth and fifth abdominal sternites bare, the hairs corifmcd to the 

sides - .N, mpressa and N, nurnte.zuma, 

(Mexico and Texas, pp, ,81 and 82.) 

Keel of fourth abdominal sternite only bare, the hairs confined to its sides ..... (13) 

Synthlipsis usually less. than one-half wudth of eye. Metaxyphus typically yellow. 

Head one-half as long as pronotum iV. instdata. 

(Eastern Canada and Northern United Stnte.s einst of lOOth meridian, p. 84.) 
Synthlipsis usually fully one-half to two-thirds width of eye. Metaxyphus typically 

black. Head less than one-half as long as pronotum .iV. kirbyi, 

(Western Canada, Northern United States, west of 100th meridian and soutli 
to Texas, p. 88.) 

Last abdominal sternite of female large but strongly constricted just before the tip. 

Male with digitate prolongation on genital capsule (15) 

Last abdominal sternite of female not large nor strongly constricted just before the 

tip. Male without digitate prolongation on the genital capsule (16) 

15. Color dark, scutellum black, hemelytra irrorated with lu'own and blue-black, 
Synthlipsis narrow, only one-third anterior margin of vertex viewed from 
A', prerafu. 


10 , 


13, 


14 . 
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(Eastern Canada and Eastern United States south to Gulf anti west to 
Kansas, p. 02.) 

Color light, seutenum pale, hemelytra pale.* Synthlipsis greater than one-thirrl 

anterior margin of vertex .iV, borealis. 

(Across Canada and in Michigan and Minnesota, IJ. S. A., p. 95.) 

16. Pronotum broad in front, embracing the eyes, which are flattened and receding from 

the anterior margin of the vertex. Synthlipsis broad, one-half anterior margin 
of vertex as seen from above. Scutellum plainly broader than long. Males with 
.stout tubercle at angle of front trochanter and a very stout, broad hook as showm 

on Plate IX, fig. 4 (17) 

Pronotum not broad in front. Eyes not as above. Scutellum not plainly transverse. 

Males without stout tubercle at angle of front trochanter and with a small hook 
on its anterior surface (21) 

17. Ldigth usually not more than 12 mm (IS) 

Length usually more than 12 mm (19) 

18. Pronotum steeply declivant as viewed from the side. Dark form with hemelytra 

brown to nearly black without luteous stripes. Liiteous form with tinge of 

orange. Male genital capsule as on Plate XIII N. 7nelaena. 

(Mexico, p. 97.) 

Pronotum not steeply declivant. Dark form unknown to me. Luteous form i ale 
luteous. Male genital capsule with a thickened protuberance on keel.. . 

N. ochrothoe. 

(Southern California to Colombia, S. A., i). 99.) 

10. Anterior end of lateral ledge of pronotum broadly flattened, the ledge plainly wider 
beneath than the diameter of the second antennal segment. I*enultimate ab- 
dominal sternite of female broadly triangular. (Text figure 7) N. repanda. 

(Arizona to Mexico, p. 100.) 

Anterior end of lateral ledge of pronotvim not Vwoadly flattent'd, scarcely, if any, 

■wider than the diameter of the second antennal segment. Penultimate abdominal 
sternite of female slenderly triangular. (Text figure 7) (20) 

20. Caudal half of lateral margin of pronotum plainly undulate as seen from side. 

Vertex of female not as below. Male genital capsule a.s on Plate XIII, fig. 8. 

N. shooteri. 
(California, p. 101.) 

Caudal half of lateral margin of pronotum of male nearly straight. Anterior 
margin of vertex of female considerably produced beyond the ^'ery receding 

eyes V. colotnbiam. 

(Colombia, S. A., p. 128.) 

21. Mesotrochanter plainly angulate or produced into a tooth or stout spinelike process, (22) 

Me.sotroclmnter rounded or nearly so (26) 

22. Synthlipsis very narrow, not more than one-sixth the anterior margin of the vertex 

as seen from above. Hemelytra brick red to orange with black blotch on 

corium N. uhleri. 

(Eastern United States from Massachusetts to Florida westward to Mississippi 
river, p* 103.) 

►Synthlipsis usually broader than above. Hemelytra not red or orange (23) 

23. Scutellum typically pale. (24) 

Scutellum typically black with flavous lateral margins (25) 

24. Synthlipsis about one-fourth width of eye N. rahighi. 

(Southeastern United States, p. 105.) 

Synthlipsis about one-third width of eye N. Imata. 

(Eastern Canada and northern states west to Wisconsin, p. 107.) 

26. Synthlipsis at least one-half anterior margin of vertex. Mesotrochanter not pro- 
duced into a long spinose process..* N. unifasciata and subspecies. 

(Mexico north to western Canada, pp. 109 to 111.) 
Synthlipsis less than one -half anterior margin of vertex. Alesotroehanter produced 

into a long spinose process ,N. spinosa. 

(Westom Canada and nortlnvestern IT. S. A., p. 112.) 


* there is u dark .submarginal streak, and rarely tlie scutellum is black and the 

hemelytra marked nearly as in N. irrorata Uhler. 
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2G. Synthlipsis distinctly less tluin onc-half anterior margin of vertex, head prominent , 

hemelytra usually black and white ( 37 ) 

fij-nthlipsis nearly one-half anterior margin of \'crtex. Head not prominent. Pale 

or marked with black (28) 

27. Anterior margin of vertex (seen from above) straight and width less than leiiKih 
of vertex. Male claaper broad, shallowly incised at tip. Last abdominal sternhe 
of female with apical notch broader than deep if present. Tyj>ical color with 

broad black liand across distal end of honielytra Ah indurL 

(North America south of 117® latitude, Insular America, 8. A., p. XKh) 
Anterior margin of \'ertex rounded and width suliequal to lengl.h of \'ertex. Male 
clasper deeply incised. Last abdominal sternitti of female with apical notch 


deeper than broad. Typical color witli narnnv undulate Inmcl across hem- 

elytra undulata. 

(Across Canada, widespread in United Stati's to Mexico, p. 117.) 

28. Male clasper bifurcate. (29) 

Male clasper not bifurcate. (Plate XIV, fig. 8) Ah hidkoitlcn. 

(Mexico, p. 12;!.) 

29. Clasper broad and deeply furcato, (Plate XIII, fig. 7) Ah tnnfttHn. 

(8outh Ann^rica, p. 120.) 

Clasper plump and shallow'ly notched, (Plate XIII, fig. 9).., V, dititi}i('foid(a, 

(Mexico, p. 124.) 


Notonecta hoffmanni^^ Hungerford 1925 

(Color Plate III, fig. 12; Plate XI, fig. 0; text figuiv a.) 

1025. N. hoff7nani Hungerford, Can, Itiuto. Ivii, p. 241, pi. vi, fig, (t. 

Referring to this species also: 

1894. N. wcxicana Uhler, Proc. Calif. Acad. Sci. (2), iv, p. 292. 

1897. N, wexicana Kirkaldy, Trans. Ento. Soc. London, 1807, p, 4(I2. (Bassec Califoruic, 
Diguet 1896, Paris Mus.) 

1901. N. mexicana Champion, Biol. Centr. Amcr. Hem.-Het. ii, in 1108. 

1905. N. mexicaria Bueno, Jl. N. Y. Ento. Soc. xiii, p. 158 (in part), 

1907. N. mexicana Kirkaldy and Bueno, Proc. Ento. Soc. Wash, x, p. 108 (in part), 

1914. JV. mexicana Van Puzee, Trans. San Diego Soc. Nat. Hist, ii, p. 113, 

1017. Ah 7nexicana Van Duzei*, Catalog of Hem. p. 454 (in part). 

1919. Ah 'mex/carm Hungerford, Kans. tJniv. Sci. Bull, xi, p. 170 (in imrt). 

Size. Length, 10 mm. to 11.5 mm.; width of pronohini, 3.9 lum. 
to 4.5 mm. 

Color. Orange red and black to horn and black. Head, proriotum 
and limbs yellow. Scutellum black. Membrane of licinclytra from 
dusky to brownish black. Trochanter and femur of middle jind 
hind legs with the longitudinal dark stripe characteristic of the 
N. mexicana A. & S. group. 

Structural Characteristics. Head large, anterior outline, as viewed 
from above, flattened; vertex a little longer than its anterior width; 
anterior margin of vertex less convex and plainly shorter tlian the 
frontal margin of the eye; anterior breadth of vertex : synthlip.sis : : 
8:1, sometimes a little broader. Pronotum about one and eiglit- 
tenths the length of the head; lateral margins moderately divergent 
and nearly straight, somewhat explanate on anterior two-thirds, 

* Name in honor of W. E. Hoffmann and one *'n” omitted in error. 
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anterior lateral angles rounded; lateral ledge, as seen from the side, 
nearly straiglit. Anterior lobe of membrane of hemelytron larger and 
longer tlian the posterior one. Anterior trochanter of the male with 
a short, inconspicuous hook. Mesotrochanters rounded. Carina of 
fourth abdominal sternite bare; last abdominal sternite of female 
slender, boarder at tip than middle and incised at tip. First pair of 
gonapophyses short. Male genital capsule as shown on Plate XL 
Location of Types, In the Francis Huntington Snow Entomo- 
logical Museum of the University of Kansas. Described from a 
series of insects taken at Laguna Beach,* California, C. T. Dodds., 
collector. Other paratypes from California and Lower California. 


Text FiauiiB 8. N. hoffmanni 
Hungerford, showing the venter of 
the abdomen of a female. Com- 
pare with text figures 5 and 6. 
(S Libgenus Ery thronecta, ) 


N. hoffmanni. 

ContparativG Notes. Tliis species belongs to the N. niexicana A. 
& S. group and until 1925 was confused with N. mexicana A. & S. 
It is a trifle smaller than N. ceres Kirkaldy, fium which it differs in 
having almost straight, not sinuate, lateral margins of the prothorax. 
Data on Distribution: 

CALmoKNiA. Laguna Beach, C. T. Dodds; Laguna Mts., July 6, 1929, L. D. 
Anderson; Alpine, July 9, 1929, R. H. Beamer; San Diego Co,, July 4, 1929, 
L. D. Anderson ; San Diego Co., August 5, 1913, E. P. Van Duzee (Drake CoIL) ; 
San Diego Co., April 9, 1930, C. & D. Martin; Indio, July 24, 1929, L. D. 
Anderson; Claremont, G. F. Baker (Uhler Coll.) ; Monrovia Canyon, March 2, 
1930, Mrs. C. H. Martin; Mission Creek, Santa Barbara, 1916, C. H. Kennedy; 
California, L. Lethieny (Det. by him as N, mexicana ) ; Winters, August 6, 
1929, R. H. Beamer. 

* Not Long Beaclx, as stated in original description. 

6—3482 




70 


The Univeksity Science Bulletin 


Arizona. Huacliiica Mts., 5,200 ft., May 20, 1919, R. D. Champ,; Salome 
Creek, Sierra Aacha Mts., Gila Co., September 1,, 1932, D. K. I)uiica,ii; Cliiri- 
cahiia Mts., Pinerey Canyon, Hands Ranch, June 16, 1932, I). K. Diincmi. 

Lower CALimnNiA, MexicO'. El Paraiso, May, 1889, Chas. I). Haiin.'.s. (Bf't. 
by Kirkaldy as N. mexieana). Santa Maria, May, 1889, Ghas. D. Haines 
(Uhler Coll). 

Notonecta lobata Hungerford 1925 

(Color Plate III, ligs. 6, 10, 11, 13; Plates X, fig. 1, and XI, fig 2. ) 

1926, JV. lobata Hungerford, Can. Ento. Ivii, p. 239, PI. vi, fig. 3. 

1928, M. lobata Hungerford, Annals Ento. &oc. Amer. xsi, p. 142, 

1931. N. lobata Bneno, Bull Brooklyn Ento. vSoc. xxvi, No, 3, p. 138. 

Referring to this species, also: 

1884. N. mexieana Uhler, Standard Nat. Hist. II, p. 21)2. 

1897, N. mexieana Kirkaldy, Trans. Ento. Soo. London for 1897, pp. 401, 402 (in part). 

1901. JV. mexieana Champion, Biol. Centr. Amer. Hem.-Het. 11, p. 308 (in part), 

1905, JV, mexieana Bueno, Jl. N. Y. Ento. Soc, xiii, p. 158 (in part). 

1906, JV. mexieana Snow, Trans. Kains. Acad. Sd, xx, pt. 1, p. 181. 

1907, JV. ?nexicana Snow, Trans. Kans. Acad. Sd. xx, pt. 2, p. 160. 

1900. JV. mexieana Kirkaldy and Bueno, Proc, Ento. Soc. Wa.sh. x, p. 19S. 

1918, JV. mexieana Himgerford, Ento. News xxix, p. 245, pt. xv, fig. 7, 

1919. JV, mexieana Hungerford, Kans. Univ. Sci. Bull, xi, p. 170 (in part). 

1919. JV. mexieana Hungerford, Kans. Univ. Sci. Bull, xi, r»l. xxxH, fig. 4 (nude genital 
capsule). 

Size, Length, 13 mm. to 14 mm.; width of pronotiim, 4,3 miii. to 
5 mm. 

Color. Typically red and black. Some specimens are brownisli 
black with beige trimmings and others are greenish-tan. All Iuut? 
the head, pronotum and limbs yellow or gray and seutelhini and 
membrane of hemelytron black. The hemelytra, exceiiting tlie mem- 
brane, are typically red. The males of the red forms frequently 
have the black of the membrane extending forward niioii tlie distnl 
portion of clavns and corinm. The pale and dark forms luvve only 
the slightest suggestion of red. Middle and liind troclutriiers aiul 
femora with longitudinal median streaks of brown or black. 

Structural Characteristics. Head large, anterior out linty as sdi^weei 
from above, flattened; vertex vslightly longer tlian its anttnuor widtli; 
anterior margin of vertex less convex and plainly sliortor tlian tlie 
frontal margin of the eye; anterior breadtli of vertex : synthlipsis : : 
19:7. Pronotum about one and two-thirds length of tlie head, lateral 
margins divergent, straight in male and nearly so in female. An- 
terior angles normal; lateral ledge as seen from the side sinuate 
and oblique and shorter than the rear margin of eye below it ; an- 
terior half moderately explanate. Anterior lobe of membrane larger 
than the posterior one. Anterior trochanter of the male with short 
inconspicuous hook. Mesotrochanters rounded. The keel of fourth 
abdominal sternite bare. Last abdominal sternite of female slender. 



Hungerford: Genus Notonecta 


71 


not, or little, broader at tip than middle, tip incised. First pair of 
gonapophyses short. Last abdominal sternite of male nmisually 
broad and rounded; male genital capsule with large lobe in front 
of clasper. (See Plate XI, fig. 2.) 

Location of Types, In the Francis tiuntington Snow Entomo- 
logical Museum of the University of Kansas; seventeen specimens 
taken by P. A. Glick in the Superstition Mountains, Arizona. 

Comparative Notes. This species belongs to the N. mexicana A. 
& S. group and, until 1925, was confused with N. mexicana A. & S. It 
is a common species in the southwest part of the United States. 

Data on Distribution: 

Arizon.4. Superstition Mts., November 11, 1922, P. A. Glick; Santa Rita 
Mts., Alt. 8,000 ft., June 19, F. H. Snow; Santa Rita Mts., July 25, 1927, and 
July 17, 1932, R. H. Beamer; Sabino Canyon, July 14, 1932, R. H. Beanier; 
Grand Canyon, 6 miles below North Haxasn Crk., September 16, 1923, R. C. 
Moore; Huachuca Mts., 5,750 ft., March 16, 1919, R. D. Camp (Univ. of 
Mich.) ; Baboquivari Mts., July 18, 1932, R. H. Beamer; Huachuca Mts., July 
8, 1932, R. H. Beamer; Cochise Co., July 29, 1927, L. B. Anderson; Pima Co., 
July 27, 1927, R. H. Beamer; Gila Co., August 5, 1927, P. A. Readio; Yuvapai 
Co., August 9, 1927, L. D. Anderson; Chiricah.ua Mts., Pinerey Canyon, Hands 
Ranch, 5,000 ft., June 16, 1932, D. K. Duncan; S. Catalina Mts., Sabina Canyon, 
3,000 ft., June 20, 1932, D. K, Duncan; Reservation Springs, 12 miles N.Fj. of 
Globe, September 17, 1932, D. K. Duncan. The following in U. S. N. M.: Ariz. 
(Uhler Coll.); Sabina Canyon, Hubbard Hot Springs, June 26, H. S. Barber; 
Bright Angel, Colo. Canyon 3,500 ft., H. S. Barber ; Senator Mine, near Prescott, 
September 12, 1907, H. S. Barber; Catal, Spr. April 19, H. G. Barber; Huachuca 
Mts.; Santa Rita Mts., July 26, 1925. 

New Mexico. San Antonio, July 15, 1927, L. D. Anderson. 

Texas. Valentine, July 13, 1927, L, D. Anderson; Presidio Co., July 15, R. 
H. Beamer. The following in U. S.N. M.: Kerrville, April 12, 1907, F. C. 
Pratt; Brewster Co., Chisos Mts., June 10-12, 1908, Mitchell and Cushman; 
Fort Davis, Jeff Davis Co., 5,000 ft., Davis Mts., Mrs. 0. C. Poling (H. M. 
Harris). 

Mexico. Mex. (Uhler Coll.). 

Biological Notes, On May 12^ 1932, Mr. Douglas K. Duncan 
visited a small pool which is located twelve miles northeast from 
Globe, Arizona, on the Showlow road and two miles due east from 
the highway down a canyon. There is a small spring forming a 
small pool about six feet by six feet and from a few inches to eighteen 
inches deep; sandy and rock bottom; some moss, submerged twigs, 
etc. The elevation is about 4,000 feet. In this pool he took all the 
adults he could find, five of them, and noted many nymphs. On 
May 16th he again visited the pool and could find no adults, but 
took more than fifty nymphs for me, leaving about twenty others to 
mature. There were no other species of Notonecta in the pool. 
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Notonecta hintoni new species 

(Text figure 4) 

10S4. N. hmtoni Hungf^rford, JL Kan.^. Kido. Snc. VII, No. l\, \k 5^7. 

Size. Length, 14 min. to 15 mm.; width of proiurfiim, 5.1 nmi. 

Color. Typically red and black. Some specimens mny Imve the 
red replaced by tan. All have the head, pronai.uni and limiis yellow 
or gray and scutellum and membrane of liemelytron black. The 
hemelytra of females are typically red, excepting the memliranc 
and a spot near the distal angle of the corium, which arc black. Tli(‘ 
males are darker, having the red of the corium and clavus more or 
less suffused with black. Middle and hind trochanters and femora 
with longitudinal median streaks of brown or black. 



Text Figuiie 4. Notonecta hmtoni Hungt'vford, 
showing male genital capsule. Compare with drawings 
on Plate XI. 


Structml Characteristics. Head large, anterior outline, as 
viewed from above, flattened; vert^ex of male sliglitly longer ihan 
its anterior width, subequal in female; anterior margin of Aan’tex 
less convex and plainly shorter than the frontal iiiargin of tlu* tyves 
anterior breadth of vertex : synthlipsis :: 19:7, Pniiuiiurn not more 
than one and two-thirds length of head; lateral margins tlivergont, 
straight to faintly concave; anterior angles abcnit normal, sliglitly 
more produced than in N. lobata Hungerford; latta’al haigo, as seen 
from the side sinuate and oblique and shortiir tliaii rcair nuirgiii of 
eye below it; anterior half moderately explanate. Anterior lobe of 
membrane larger than the posterior one. Anterior trochatiter of 
the male with an inconspicuous hook. Mesotrochanter rounded. 
The keel of the fourth abdominal sternite bare. Last abdominal 
sternite of female slender, sides not concave, tip incised. Lust 
abdominal sternite of male unusually broad and roimdt‘d; male 
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genital capsule as shown in figure 4. The clasper strikingly different 
from any other member of the subgenus Erythronecta. 

Locatdon of Types. Holotype, allotype and paratypes in the 
Francis Huntington Snow Entomological Museum. Paratypes will 
be sent to United States National Museum and to British Museum. 
Described from a series of twenty-nine specimens taken by Mr. 
H. E. Hinton in Eeal de Arriba, District of Temascaltepec. Alti- 
tude, 1,960 meters, Mexico. 

Comparative Notes. General appearance that of N. lobata 
Hungerford. The males are distinguished from that species by the 
very different shape of the genital capsules and claspers. The 
females by having only an inconspicuous notch at tip of penultimate 
abdominal sternite. Lateral margins of last abdominal sternite of 
female not as curved as in N. lobata Hungerford. 

Data on Distribution. Known only from the type locality. 

Notonecta compacta Hungerford 1925 

(Color Plate Til, fig. G; relate XI, figs. 3 and S; and text fig. 5) 

1925. A\ coni'pacta Iliingerford, C'au. Ento., Ivii, p. 2.39. 

1933. N. compacta Hungerford, Bull. Brook. Ento. Soc., xxviii, p. 135 (allotype ^ ). 

Referring to this species, also: 

1897. N. rnexicana Kirkaldy, Trans. Ento. Soc. London (in part). 

1901. N. rnexicana ChamxHon, Biol. Centr. Amor. Hem. Het. II, p. 369 (Amula in Guer- 
rero). 

A dark male from Amula studied by Champion and another by 
Kirkaldy, labeled N. rnexicana A. and S. by them. There is another 
specimen in Oxford Museum labeled by Kirkaldy. 

Size. Lengtli, 12.5 mm. to 14. mra.; width of pronotiini, 4.8 mm, 
to 5.7 mm. 

Shape. A comiuiratively short, plump-bodied species. The lat- 
eral margins of tiie prothorax in the female strongly constricted in 
the middle. 

Color. Females are usually red and black and malefci; nearly black. 
I liave some females that are black like the males. Head,, pro- 
notum and limbs dark testaceous. Femora with dark longitudinal 
stripes beneath and the trochanters each with a dark elongate spot. 

Structural Characteristics. Head large; anterior outline of head 
viewed from above, flattened; vertex slightly longer than its anterior 
width in the male, siibequal in the female; anterior margin of vertex 
less convex and plainly shorter than the frontal margin of the eye; 
anterior breadth of vertex : synthlipsis :: 3 -f- Pronotum about 
twice the length of the head in female. Head of male longer than half 
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of the pronotum; lateral margins divergent, moderately constricted 
in the male but very strongly and characteristically constricted in 
the female. Anterior angles embracing the eyes. Lateral ledge 
unlike in the two sexes, sigmoid and oblique in both sexes as seen 
from the side; in the female the ledge is heavy and pronounced on 
the anterior half and almost obliterated and curved on the posterior 
half; in the male the anterior portion of the ledge is broader than 
elsewhere but not interrupted ; anterior end of the ledge deflected in 
both sexes, margin of prothorax shorter than the rear margin of the 
eye below it, Scutellum a little longer than the pronotum. Pos- 
terior and anterior lobes of membrane subequal, the posterior some- 
times a trifle longer. Anterior trochanters of the male with broad, 
blunt hook. Mesotrochanters not angulate. The carina or keel 
of the fourth abdominal sternite bare; this segment is short in the 
male and long in the female. In the male the penultimate ab- 
dominal sternite is enlarged. The terminal abdominal sternite of 
the female is as broad as long (exposed part) with lateral edges con- 
cave and tip incised. First pair of gonapophyses short, Male geni- 
tal capsule as shown on Plate XI. 




Tkxt Figure 5. Notonecta compacta Hmigerford and Nofonecta m. viexkana A, & S. 
Underside of abdomen of females. (Subgenus Erytlrronecta.) 

Location of Type. The type is in the U. S. N. M. 

Comparative Notes. This species belongs to the N. mexicana A. 
and S. group. The last abdominal sternite of the female is more 
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nearly quadrate than in the other species. No other species has the 
pronotiim so conspicuously constricted laterally. 

Data on Distribution, Colima, Mexico, coll, by L. Conradt; 
Amula, Guerrero, 6,000 ft., H. H. Smith; Between Cajoiies and 
Eincon, S. of Chilpancingo, Guerrero, Mex., July 1, 1932, Hobart 
Smith (18 specimens) ; Near Taxco, Guerrero, Mex., July 4, 1932, 
Hobart Smith (2 specimens), A male of the Hobart Smith collec- 
tion is the allotype. 

Notonecta mexicana mexicana Amyot and Serville, 1843 

(Color Plate III, fig. 8; Plate XI, fig. 11; text figure 6.) 

1843. N. mexicana Amyot & Serville, Hemipteres p. 453, PL viii, fig. 7. 

1851. iV. mexicana Amyot <fe Serville; Fieber, Rhynchotographieeu, p. 475. 

1351. N. mexicana Amyot & Serville; Fieber, Rhynchotographien, p. 51. (Van* Duzee.) 

185.3. N. mexicana Herrich-Suluieffer, Wanzen. Ins. ix, p. 43, Tab. ccxciv, fig. 003 (in 
color). 

1884. N, mexicana Uhler, Standard Nat. Hist, ii, p. 252 (in part). 

1897. N. mexicana Amyot & Serville; Kirkaldy, Trans. Ento, Soc. London for 1897. 
p. 401 (in part). 

1901. N. mexicana Amyot & Serville; Champion, Biol. Centr. Amer, Hem.-Het. ii, p. 
868-359 (in part, but not figure.s). (MexicO', Salle; Oaxaca, Sall6; San Luis Potosi, Palmer.) 

1904. AL mexicana Amyot & Serville; Kirkaldy, Wien Ento. Zeit., xxiii, pp. 94 and 132 
(in part). 

1905. N. mexicana Amyot A' Serville; Bueno, Jl. N. Y. Ento. See. xiii, pp. 145, 150, 158. 
(Ref. not localities.) 

1909, N. mexicana Amyot & Serville; Kirkaldy & Bueno, Proc. Ento. Soc. Wash., x, 
p. 198 (in part,). 

1917. N. mexicana Amyot & Serville; Van Duz(‘e, Catalogue Hernip., p. 454 (in part). 

1919. N. mexicana Amyot & Serville; Hungerford, Kans. IJniv. Sci. Bull, xi, (in part). 

1925. N. mexicana Amyot & Serville; Hungerford, Can. Ento. Mi, p. 238. 

1928. N. mexicana Amyot & Serville; Hungerford, Jl. Ivans. Ento. Soc. v, p. 53, 

Referring to this species, also: 

1851, N. khigii Fii'ber, Rhyndiotographieen p. 475 (in part). 

18,51. N. klugii Fieber, Rhynchotographien p. 51 (Van Duzee). 

l!)25, A', wat roccplxila Hungerford, Can. Ento. Ivii, p. 241, PI. 6, fig. 5, (Syn. new.) 

Ske, Length, 13 inm. to 14 mm.; width of pronotum, 4.6 mm. 
to 5.1 iirm. 

Color. Tyiiically a red and black species. The males a little 
darker tlian the females as a rule. Probably there exist black and 
tan females and black males, but I have never seen them. Anterior 
lialf of prothorax, head and limbs yellow, the middle and hind tro- 
chanters and femora with a median longitudinal dark stripe, front 
femur may have two such stripes on its rear margins, posterior half 
of pronotum may be darkened by the black mesonotum beneath. 
Sciitelliim black. ^ Clavus and corium orange red to red. Smoky 
or black areas may occur along hemelytral suture, beneath corial- 


* Foot Mot e : I liuv«‘ .seen ti specimen ov two with yellowish scutellum that were otherwise 
fairly well eoloral. 
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claval suture, on the embolium, on outer half of coriiim and on mem- 
brane, which is nearly always dark. 

Structural Characteristics. Head large, embraced at base by tlie 
anterior angles of prothorax. Anterior outline of the head, viewed 
from above, flattened; %mrtex subequal in length to its anterior 
width, sometimes in the male a little longer, anterior margin of vertex 
less convex and plainly shorter than the frontal margin of the eye; 
anterior breadth of vertex : synthlipsis : : 17 :7. Pronotum not quite 
twice the length of the head, lateral margins moderately divergent, 
somewhat concave in the male, more so in the female. Anterior 
angles acute and embracing the eyes, more pronounced in the male 
than in the female. Lateral ledge moderately broad and liorizontal 
on anterior half and oblique and nearly obliterated on posterior lialf ; 
anterior angle slightly deflected in both sexes; margin of protliorax 
shorter than the rear margin of the eye beneath. Anterior lobe of 
membrane of hemelytra a little longer than the posterior. Anterior 
trochanters of male with a hook of moderate size, mesotrochanters 
rounded, the carina of the fourth abdominal sternite bare, the ter- 
minal abdominal sternite of female slender, elongate, but .sliglitly 
constricted and the tip incised. First pair of gonapophyses rather 
slender. Male genital capsule as shown on Plate XL 

Location of Type. I have been unable to find the tyi)es in Paris 
or elsewhere. 

Comparative Notes. The description I have given above applies 
to the species that fits best Amyot and Serville^s brief description 
and the color drawing. The size (14 mm.), the parallel sides and 
the distribution point to this species. In former writings I liave 
been confused by Kirkaldy and Champion and lielievcd N> viexicanu 
A. & S. to he. something else. I now coiKtludi' tliat my A', //n/cro- 
cephala is only an unusual specimen of this species and, themfore, 
suppress it, I described it from a single specimen with an a,l)normally 
large head, but the genitalia are indistinguisliable froiii the specicis 
described above. The slender, tapering last alxlominal sterniit' of 
the female distinguishes this species. 

Data on Distribution. Described from ^^Mexico,” and iinfortii- 
nately most of the specimens I have seen bear no more precise label 
However, in the Museum at Vienna there is a specimen labeled ^^San 
Luis Potosi, Dr. Palmer.” This was determined by Champion as 
N. mexicana. There is another specimen from Signoret’s collection 
labeled “Bogota.” There are two specimens from Mexico by Salle 
in the museum at Stockholm. 
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Notonecta niexicana v. creaseri Hungerford .1932 

(Color Plate 11, iig. 13 ; Plate XI, figs. 1 and fi.) 

1932. iV. mexicana v. creaseri^ Hongerford, Jl. Kans. Ent. Soc., v., p. 53. 

Size. Length, 12 nim.; width of pronotum, 4.3 mm. 

Color. The four specimens at hand are tan and black with one 
specimen showing some flecks of red on the corium. Head and legs 
testaceous. The femur with a longitudinal stripe which is charac- 
teristic of entire group. Sciitellum is black or nearly so, three of the 
specimens with lateral margins tan. The clavus and corium mostly 
tan. The distal third of corium more or less dark. Membrane nearly 
black. It is probable that this variety, like other species in the 
group, may have red or nearly black in place of the tan on the 
hemelytra. 

Structural Charactenstics. Anterior outline of the head, viewed 
from above, flattened ; vertex longer than its anterior width ; margin 
of vertex less convex and shorter than frontal margin of the eye; 
anterior breadth of vertex : synthlipsis :: 11:4 (in the female). In 
the male the synthlipsis is a little narrower. Pronotum about twice 
length of head; lateral margins short, divergent, but quite concave 
in the females and plainly so in the males; anterior angles embracing 
the eyes ; lateral ledge as seen from the side with anterior three-fifths 
broad and nearly horizontal and posterior two-fifths faint and 
oblique; the anterior angle deflexed; the length of the ledge less 
than tlie rear margin of the eye below it. Anterior lobe of the 
membrane of the liernelytron distinctly longer than the posterior 
lobe. The anterior trochanter of the male with a rather narrow, 
pointed liook. Mesotrochanter rounded. The genitalia in both 
sexes like N. niexicana A. & S. (See Plate X.I.) 

Location of Types. Described from four specimens labeled, 
‘^Mbxicjo, Nueva Leon, Santiago, April 19, 1930, 13, Creaser-Gor- 
don.” liolotype and allotype in Museum of Zodlogy, Michigan 
University. Paratype in Entomological Museum, University of 
Kansas. 

Comparative Notes. This is smaller than the typical N. mexicana 
A. & M., but in the characters of the genitalia indistinguishable 
from it. 
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Notonecta rohmta Hungerforcl 1932 

(Color Plate II, fig- 14; Plate XI, figs. 4 and 10) 

1932. N. robiista Hungerford. JL ICans, Ento. Soc., v, p. 54. 

Size. Length (of male), a trifle less than 15 mm.; the width of 

p.ronotiimj 5.1 mm. 

Color, The holotype has the head, pronotiim and limbs dark 
testaceous. The trochanters and femora marked as in other species 
of the N, mexicana A. & S. group. Sciitelliim black and hemelytra 
nearly black. No doubt this species may have hemelytra that are 
tan or red with black membrane. 

Structural Characteristics. Anterior outline of the head, viewed 
from above, flattened; vertex about as long as the anterior width; 
margin of vertex less convex and shorter than the frontal margin of 
an eye; anterior breadth of vertex : synthlipsis : : 10.5:4. Pronotum 
about twice length of head; lateral margins divergent and nearly 
straight in the male; anterior angles not embracing the eyes; lateral 
ledge, as seen from the side, slightly undulate, upturned at botli ends, 
oblique and shorter than the rear margin of the eye below it. 
Scutellum and ridge of hemelytral suture equal in length. Posterior 
lobe of membrane a little longer than anterior lobe. The anterior 
(outer) margin of the membrane constricted at the embolial suture 
and undulate. Anterior trochanter of male with short hook. Meso- 
trochanter rounded. Male genital capsule much like N. mexioam 
A. & S., but the clasper with the tip broader and the rear margin 
moi'e concave, (See Plate XI, figs. 4 and 10.) 

Location of Type. Described from a single male speahnen wliirfi 
bears no locality or collector’s label. Deposited in IdntoTnologiiail 
Museum, University of Kansas. 

Comparative Notes. Agrees with other species of N. mexicami 
A. & S, group in having the keel of fourth ventral abdominal s(^gm(‘nt 
bare, the hairs confined to the sides. Head broad, eyes large and 
broad, rear margin broader than the length of the lateral margin of 
prothorax. Scutellum conspicuously broader than long. It diff(‘rs 
from N. lobata Hungerford in having the last abdominal sternite of 
male normal in size. I have two female specimens, red and black 
in color, from San Cristobal, Chiapas, Mexico, A. Dampf., that are 
the broadest, most robust Notonecta known to me. The lateral 
margins of the pronotum are greatly constricted near the front so 
that the anterior angles flare out. The very marked undulation of 
the anterior (outer) margin of membrane suggests to me tliat these 
may be females of N. robiista Hungerford. 
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Notonecta ceres ceres Kirkaldy 1897 

(Color Plate IIT, figs, 2 and 8; Plate XI, fig, 7; text figure 6) 

1897. N. rncxicana var. ceres Kirkaldy, Ento. Soc. London, p. 402, 1897. 

1904. N. mexicam var. ceres Kirkaldy, Wiener Ento. Zeit., xxiii, p. 132. 

1005. N. mexican var. ceres Kirkaldy; Bueno. Jl. N. Y. Ento, Soc., xiii, p. 150. 

1017. N. mexicana var. ceres Kirkaldy; Van Duzee, catalogue of Heiniptera . . i>. 454. 

1025. JV. mexicana var. ceres Kirkaldy; Hungerford, Can. Ento., Ivii, p. 238. (Says 
are all females, the variety hades all males.) 

Referring to this species, also: 

1851. X. Mugii Fieber, Rhynchotographieen, p. 476 (in part). 

1897. N. mexicana var. hades Kirkaldy. Ento. Soc. London, p. 402, 1897. This is only 
the male of N. ceres Kirkaldy. See list of references above. 

1901. N. mexicana Champion. Biol. Centr. Am. Hem.-Het., 11, p. 369, Tab. 22, figs. 
6, 6a"d (in part). 

Size. Length/ 11 mm. to 12 mm.; width of pronotum, 4.3 mm. to 
4.8 mm. 

Color, Red and black, tan and black, or, in case of males, black. 
Anterior half of pronotum, head and limbs yellow, the middle and 
hind trochanters and femora with the dark stripe usual for the 
N. mexicana A. & S. group. 

Structural Characteiistics. Head large; anterior outline of head 
viewed from above, flattened; vertex a little longer than its anterior 
width; anterior margin of vertex less convex and plainly shorter 
than the frontal margin of the eye ; anterior breadth of vertex : 
synthlipsis : : 11:3. Pronotum nearly twice to twice the length of 
the head; lateral margins concave and moderately divergent; the 
margin more concave in females than in males; anterior angles 
slightly embracing the eyes, but rounded; lateral ledge broader 
anteriorly in the female than in the male, as seen from the side, 
strongly curved, pronounced on anterior half, only a ridge and 
curved on posterior half ; margin of prothorax shorter than the rear 
margin of the eye below it. Anterior lobe of membrane of liemelytra 
a little longer than the posterior one. Anterior trochanters of male 
with moderate hook, Mesotrochanters rounded. The carina of 
fourth abdominal sternite bare. The terminal abdominal sternite of 
female narrow, broader at tip," which is broadly incised. First pair 
of gonapophyses short. Male genital capsule as shown on Plate XI. 

Location of Types, In the Kirkaldy collection at U. S. N. Museum 
at Washington. 

Comparative Notes. Described by Kirkaldy as a variety of N, 
mexicana A. & S., but really a distinct species. Kirkaldy described 
the red and black females as N. mexicana var. ceres and the black 
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males as N. mexicana var. hades. I have pointed out previously 
that these are a single species. This species is smaller tlian N. 
mexicana A. & S. and a trifle larger than N. hoffmanni Hungerford. 
It is distinguished from the former by the less acute anterior angles 
of the prothorax and from the latter by having the lateral margins 
of prothorax concave. 



N. ceres stirtoiu N ceres ceres 

Text* Figure 6. Notonecta ceres stirtoni Hungerford and N. ceres cervs Kirkaldy. Underside 
of abdomen of females. (Suhgenus Eryihronecta.) 


Data on Distnbution. Costa Rica: San Jose, C. R. IIGO M, 
August, 1905, P. Biolley.; La Palma, 1600 M. P. Biolley (Det. by 
Kirkaldy as var. of N. mexicana) ; Rio Sarapiqui, Alt. 2,000 m. Hein- 
rich Schmidt; Rio. Virilla, December 26, 1931, Heinricli Scliraidt; 
R. Susio, H. Rogers. 

Notonecta ceres stirtoni new subsp. 

(Text figure 6) 

1928. N. mexicana var. ceres, Kirkaldy; Hungerford, Pan. Pac. Ento., iv, No. 3, ]), 119, 
(Taken mating with var. hades.) 

In this subspecies the lateral margins of the pro thorax of the male 
are almost straight as seen from above. In the female the penulti- 
mate sternite projects broadly in the middle, whereas in N. ceres 
Kirk, the portion of the sternite surpassing the segment is narrow. 

Location of Types. Francis H. Snow Coll. From El Salvador, C. A. 
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Notonecta ceres rogersi Hungerford, 1932 

(Color Plate II, fig. 12) 

1932. N. rogersi Hungerford, Jl. Kansas Ento, Soc., v. p. 65. 

This subspecies is larger than the typical form. The male clasper 
is almost identical with N, ceres Kirk. When I described this species 
I 'was confusing N, ceres stirtoni with N. ceres Kirkaldy. I have one 
female which I assign to this subspecies. In this red and black 
specimen the lateral margins of pronotum are constricted in front 
of the middle instead of near the middle as in typical N. ceres 
Kirkaldy. 

Notonecta impressa Fieber, 1851 

1851. N. impressa Fieber, Khynchotographieen Abh. Bohm. Gesel. Wis. (5), vii, p. 475. 

1897. N. impressa Fieber; Kirkaldy, Trans. Ento. Soc. London, 1897, p. 403 (Made it 
a synonym of TV. insulata Kirby in error). 

1901. N. impressa Fieber; Champion, Biologia Centr. Americana, Rhynchota, ii, p. 368 
(Places doubtfully under N. mexicana A. & S. in en’or). 

1908, N. impressa Fieber; Kirkaldy and Bueno, Proc. Ento. Soc. Washington, x, p. 198 
(Places as syn. of N. insulata Kirby in error), 

1917. N, mipressa Fieber; Van Duzee, Cat. of Heiniptera of America, p. 453. 

1925, N. impressa Fieber; Hungerford, Can. Ento., Ivii, p. 241 (Says not AT. insulata 
Kirby). 

Sirde. Female nearly 14 mm. long. 

Shape, Much like N. montezuma Kirkaldy; eyes less prominent; 
pronotum transversely crossed by a strong depression that does not 
extend to the margins. 

Color, A red and black species. The head and limbs of usual 
color; scutellum black; hemelytra red with black markings such as 
in N, montezuma Kirkaldy. 

Structu7^al Characteristics. Head not prominent; the face deeply 
depressed with surface transversely wrinkled; a longitudinal ridge 
extending from the depression to the labrum; anterior margin of ver- 
tex : synthlipsis :: 6.7 : 2.7, Pronotum and head sloping downward. 
Scuteriiun large. Heincdytral suture short. Mesotrochanter rounded. 
Ventral abdominal keel witliout hairs on the ridge. Last abdominal 
steriiite of female broad, short and depressed on the sides. 

Location of Type, In the Zoological Museum at Berlin I found 
a female specimen labeled, ^^Notonecta impressa^’ “3623, a green 
label “Mexico Westw.,” a green label “Impressa Fieb.^^ This fits 
Fieber 's description exactly! The head is not prominent. The 
synthlipsis : anterior margin of vertex : : 2,7 : 6,7, as seen from above 
with the body hoiizontal. The pronotum slopes downward, and the 
head follows the same slope; the face is deeply depressed, the sur- 
face of the depression uneven and transversely wrinkled. Below 
the depression there is a median longitudinal ridge to the labrum; 
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transverse wrinkles across this part of the face; labrum cross- 
wrinkled. The pronotiim is tranversely crossed just in front of the 
middle by a depression that does not extend to the margins of tiie 
pronotnm, which are straight. The anterolateral angles the 

eyes; lateral margins are moderately lodged. Mesotrochanter is 
rounded; ventral abdominal keel is without hairs on the ridge. Tlie 
comparative longitudinal measurements from above are as follows: 
Head : Pronotum : Scutellum : Hemelytral suture (from tip of sen- 
tellum) : tip of hemelytral suture to wing tip :: 2.5 : 4.9 : 5.7 : 3.7 : 
lO-f-* 

Comparative Notes. The color is quite like N. niontezimia 
Kirkaldy, but it is a little smaller than the female N. montezufna 
Kirkaldy from Valentine; Texas, with which I compared it. The 
eyes seem smaller and the pronotum embraces the eyes a little more. 
The eyes seem flatter on top and the transverse pronotal depression 
more marked. The shape of the last ventral abdominal plates is 
the same in both females. While I am retaining N. monlezwma 
Kirkaldy as a separate species, an examination of a long series muiy 
discover specimens like Fieber^s female. Since N. m.ontcz%ima 
Kirkaldy in the Hope Collection came from the Westwood Collec- 
tion, according to information given by Professor Poulton to Mr. 
Champion, instead of “West Mexico” as Kirkaldy recorded, there 
is additional doubt about Kirkaldy’s species being specifically dif- 
ferent from Fieberts. 

N. impressa Fieber is not N. compacta Hungerford, which also has 
transversely depressed pronotum. My N. compaMa has sides of 
pronotum strongly constricted, N. impressa Fieber does not. It is 
not N. mexicana A. & S., because the lateral edge of the luaitliorax 
of N. impressa Fieber is straight and the ledge is even and longer, 
the pronotum longer, head smaller, scutellum very large, and the 
hemelytral suture short. N. impressa Fieber is not N. klrhyi 
Hungerford, which has a much wider synthlipsis. 

Notonecta montezuma Kirkaldy, 1897 

(Color Plate 11, fig. 1; Plates X, fig. 2, and XV fig. 4.) 

1897. N. montezuma Kirkaldy, Trans. Ento, Soc. London, 1897, p. 402. 

1901. N. monreauma Kirkaldy ; Champion, Biol. Centrali Americana Heteroptora, voL II, 
p. 369, pi. 22, figs. 8 and 9. 

1904. N. montezurm Kirkaldy, Wien. Ento. Zeit., xxiii, pp. 94 and 132. 

1905. N. montezuma Bueno, Jl. N. Y. Ento. Soc., xiii, p. 162. (Records apecimm frmn 
California in error.*) 

* The specimen labeled "California” in the American Museimi, and determinc'd by 
as N. montezuma Kirk., is an oriental specie.? with erraneoii.s locality label. 
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1919. N, montczuma, Kirkaldy; Hungerford, Kansas Univ. Sci. Bull., xi, pp. 108, 172 
and 331. 

1923. N. montezuma Kii'kaldy; Hungerford, ICansas Univ. Sci. Bull., xiv, p. 420, 

1928. N, montezuma Kirkaldy; Hungerford, Annals Ento* Sue. Am., x.xi, p. 142, pi. ix, 
11 g. 8. (Fig. male genital capsule and records species from Valentine, Texas.) 

Size. Length, 14 mm.-15 mm.; width of pronotum, 4.8 ± mm. 

Shape. A rather elongate species. 

Color. A red and black species. Head and legs of usual color, 
often marked with green. Pronotum often having a median dark 
spot a little behind the anterior margin. Scutellum black. Hemelytra 
orange-red with black markings; the clavus may be marked with 
dark spots, especially at the tip where they join and form a part of 
an irregular black band that traverses the corium at this level; 
membrane black. Venter dark except the sides of prothorax beneath 
the ledge, the distal end of the metacoxal shields (extension of 
mesothoracic scutellum according to Rich 1918), the connexivum 
and median abdominal keel which are usually lighter in color. 

Structural Characteristics. Anterior outline of the head viewed 
from above, rather flattened; face transversely depressed; vertex 
longer than its anterior width; anterior margin of vertex less convex 
and shorter than the anterior margin of an eye ; anterior breadth of 
vertex : synthlipsis :: 8:8 (a little more or less) ; head a little more 
than half as long as pronotum. Lateral margins of pronotum only 
moderately divergent and straight; anterolateral angles somew4iat 
embracing the eyes; lateral ledge, as seen from the side, nearly 
straight, faintly sigmoid and somewhat oblique, slightly longer than 
the rear margin of the eye below it. Scutellum large, longer than 
the pronotum. Hemelytral suture short, the ridge of the hemelytral 
suture shorter than the scutellum: Anterior lobe of membrane longer 
tlian the posterior lol)e. Anterior trochanter of the male with a 
black pointed tubercle directed only slightly forward in place of 
tlu' liook. Mesotrocliantcr rounded. Anteapical tooth of middle 
femur normal. Ventral abdominal keel smooth and thickened down 
the entire length of the fourth and fifth segments and a smooth 
space down the middle of the following segment. The terminal 
abdominal sternite of female short, broad and depressed on the sides. 
First pair of gonapophyses of female intermediate in length. Male 
genital capsule as shown in Plate XV, fig. 4. 

Location, of Types. Male and female in Hope Collection at Ox- 
ford, England. I find, upon examining the types, that Doctor 
Champion^s descriptive notes and figures are excellent. 

Data on Distribution. ‘‘W. Mexico^’ does not mean West Mexico, 
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according to Professor Poulton, but simply that specimens are from 
Westwood’s collection. 

In 1928 I recorded 11 specimens taken by the University of Kan- 
sas party as follows: 10 specimens, Valentine, Texas. July 13, 1927, 
R. H. Beamer. One specimen, Presidio County, Texas, July l(i, 
1927, R. H. Beamer. Another, Alpine, June 5, 1927 (U. S. N. M.). 
I have also two male specimens taken by Hobart Smith near Santa 
Rosa, Guanajuata, Mexico, August 14, 1932. In the Stockholm 
Museum there is a male labeled “Mexico” “Salle.” I have also seen 
the specimen in the Paris Museum labeled “Nord de I’lnde 39-42” 
which was mentioned by Kirkaldy. The locality i.s indeed erroneous. 

Notonecta insulata Kirby, 1837 

(Color PInIe lit, fiK. 1; Plate XV, Hk. 1.) 

1837. N. insulata Kirby, in Eichardson's Faun. Bor. Ain., iv, p. 2S5. 

1878. iV. insulata, Kirby; in Bethime reprint, p. 140; same from Cun. Entit., x, p. 21 G. 

1851. JV. insulata Kirby; Fieber, Rhynchotographieen, p. 479. 

1851. N. insulata Kirby; Fieber, Rhynchotographien, p. 55 (Van JDimee's Catalogue.). 

187G. N. insulata tJhler; Bull. XJ. S. Geol. Geog. Surv. 11, p. 73. (Remarks alKiut Balti- 
more, Md., specimens refer to this species.) 

1878. N. insulata "KiThy \ Uhler, Proc. Boston Soc. Nat. Hist., xix, p. 442, "No, 17 Harris' 
Collection July 1, 1823. 

1894, N. insulata Kirby; Van Duzee, Bull. Buffalo Soc. Nat. Sci., v, p. 18G. (Not un- 

common in stagnant pools with clayey bottom.) 

1897. N. msulata Kirby; Kirkaldy, Tran.s. Ento. Soc. London for 1897, p. 403 (in part). 

1899. N. insulata Kirby; Smith, Insects of N. J., p. 144. 

1902. N. insulata Kirby; Bueno, Jl, N. Y. Ento, Soc., x, pp. 230, 231, 232, 235. 

1904. N. insulata Kirby; Kirkaldy, Wien. Ento. Zeit. xxiii, pp. 94 and 132. 

1905. N. msulata Kirby; Bueno, Jl. N. Y. Ento. Soc., xiii, pp. 46, 150 and 102. PI. vii, 

fig. 9 (in part). 

1908. N. insulata Kirby; Bueno, Jl. N. Y. Ento. Soc., xvi, p. 287. 

1909. N. insulata Kii'by; Kirkaldy & Bueno. Proc. Ento, Soc. Waalo, x, p. 198 (in purl,). 

1910. N. insulata Kirby; Bueno, JL N. Y. Ento. Soc., xviii, p. 33, 

1910. AT. insulata Kirby; Smith, catalogue Ina. N. J., edn, 3, p. 160. 

1918. JV. insulata Kirby; Browne, Jl. Exp. ZooL, xiv, p. 61. 

1914. JV. instdata Kirby; Parahley, Psyche, xxi, p. 140. (Taken on April 27, Orono, 

Maine.) 

1917. JV. msulata Kirby; Parahley, Occ. papers Bo.ston Soc. Nat. Hist., vii, p. 113. 

1917. JV. insulata Kirby; Van Duzee, Catalogue Hemipteni, p. 453 (in iKirt). 

1917. JV. insulata Kirby; Hungerford, Ento. News, xxviii, p. 175. 

1918. JV. insulata Kirby; Hungerford, Ento. New.s, xxix, pp, 242-244, PI. xiv, fig. 5 (ovi- 

position of). 

1919. JV. insulata Kirby; Hungerford, Kans. Univ. Sen. Bull., xi, pp. 108, 173, 181, 182, 
186, 187, 189. PL viii, figs. 8 and 4 (eggs) PL xix, iigs. 3, 4, 7. (1st instar nymph,) 

1919. JV. insulata Kirby; Hungerford, ICaM. Univ. Sci. Bull., xi, p. 332, PL xxxi, fig, 9 
(male genital capsule). 

1919. JV. insulata Kirby; Parshley, Occ. papers Mus. ZooL Univ. Mich. No. 71. (From 
Vancouver Island, probably JV. kirhyi Hungerford.) 

1923. JV. insulata Kirby; Bueno & Husse5% Bull. BrookL Ento. Son., xviii, p. 107. 

1923. JV. insulata Kirby; Bueno, Conn. St. Geol. & Nat. Hist. Survey Bull. No. 34, pp. 

405 and 407. PL xvi, fig. 8 (Mar. <fe Apr,). 

1926. JV. insulata Kirby; Leonard, Cornell Univ. Agri, Exp. Sta. Memoir 101, p. 189. 
(March to November.) 

1926. JV. insulata Kirby; Blatchley, Heteroptera . . , p. 1062 (in part). 
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102ti. -V. insulata Kirby; Hungerford, Bull. Brookl. Ento. Soc., xxi, p. 195. 

1920. X: insulata Kirby; Hutchinsoir, Aimals S. Afr. Mus., xxv, pt. 3, p. 864. 

Referring to this species, also: 

1S51. iV. ri//yo,s'a Ficber, Rbynchotographieen, pp. 476-477 and his varieties bicolor, plagiata 
and cordif/era from eastern U. S. but not his basalts from Bi'azil. 

1807. N. inipressa Kirkaldy (not Fieber) Trans. Ento. Soc. London for 1S97, p. 408. 

1897. N. vmulata Kickaldy, Trans. Ento. Soc. Ijondon for 1897, p. 404. His varieties 
odora and geala, 

1917. .V. bmdata var. geala Kirkaldy; Van Duzee, Catalogue Hemiptera, p. 453. 

1917. N. msulata var. odora Kirkaldy; Van Duzee, Catalogue Hemiptera, p. 463. 

Size. Length, 14 mm. to 15.5 mm.; width of pronotum, 4.5 mm. 
to 5 mm. 

Shape. A large and rather elongate species. 

Color. Pattern variable, and described by Kirkaldy under five 
varieties, 'but all intergradations occur. Some specimens are nearly 
immaculate; gray to light tan, but with the caudal half of pronotum 
darkened by black mesonotum beneath; scutellum black and a 
streak behind hemelytral suture infuscated; golden hairs present, 
especially on the corium. Other specimens are strikingly marked, 
the hemelytra being gray, tan and black with many individuals 
showing some roseate reflections, this last especially marked on 
freshly captured specimens. While many specimens are marked like 
the typical N. glauca L., the following may be given as the typical 
color pattern: Head and anterior half of pronotum grayish to 
testaceous, often marked with green. Limbs testaceous, often green- 
ish, with dark coxa^; hind femora longitudinally streaked beneath. 
Venter dark except connexivum wdiich is more or less testaceous, 
often greenish. Posterior half of pronotum darkened by the black 
mesonotum Ixmeath it. Scutellum black, Hemelytra with clavus 
gray or tan except at tip, which is spotted with black; corium with 
black or l;)rown maeulations near base and often along the margin, a 
transverse l)lack band, broadening laterally, starting from end of 
hemelytral suture, beliind which is a tan or roseate, roughly trian- 
gular spot, that is (piite characteristic for the species; membrane 
and distal angle of (corium dark; membrane near the tip may be 
traversed by a testaceous or tan band; corium and anterior lobe of 
membrane especially, clothed with golden hairs. Dorsum of ab- 
domen more or less orange, metaxyphus typically yellow. 

AS/raefa/rd Characteristics. Head about one-half length pronotum, 
transverse; vertex slightly longer than its anterior width; anterior 
margin of vertex less convex, plainly shorter than the frontal margin 
of the eye and projected beyond it; anterior breadth of vertex : 
syntlilipsis :: 2 — :1; synthlipsis usually slightly less than one-half 

7~-:FIS2 
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width of the eye. Pronotimi about twice the length of the bead; 
lateral margins only moderately divergent, nearly straight; anterior 
angles normal; lateral ledge narrow, nearly straiglit and l)iit sliglitly 
oblique. Anterior lobe of membrane slightly longer. Aiiterior tro- 
chanters of male with a small hook beyond the middle. Mesotro- 
chanter not angulate. Carina of the fourth ventral abcbaninal seg- 
ment bare on keel. The terminal abdominal stcrnitc of female 
broad, short and only slightly incised at tip. Female goini|) 0 |>liyses 
(first pair) of intermediate length. Male genital capsule as shown 
on Plate XV. 

Location of Type. This species was described from a single s|)eci- 
men. I have failed in my endeavor to locate tins type. 

Comparative Notes. This species in certain particulars a|)pears 
to be a connecting link between the subgenera Notonecta and Para- 
necta, as pointed out by Hutchinson (1929). It is one of our iargc'st 
American species. Its American relatives are N. kirhyi IIinigTvrford 
long confused with it, and N. montezuma Kirkaldy. Wliile tliis 
species is often found in collections with N. imdidata Bay, it is 
readily distinguished by its larger size. The last iibcloiiiiiial stca’nite 
of the female is but shallowly incised at tip, while it is dee|)Iy incised 
in N. undulata Say. The male genital capsules ai’e ciiiite different 
also. 

Data on Distribution. The distribution given in Ahiii Duz(‘e^s 
catalogue embraced, of course, N. kirhyi Plimgerford. Its true range 
appears to be the states north of the fortieth degree of latitude and 
east of the one hundredth meridian and the region of Canada ad- 
jacent thereto. 

The records based upon my own observations are: 

TJnitki) Statm of America 

Maine: Maine (Ohio State Univ.) 

Nbw York: Ithaca, April 29, 1926; July 17, 1917, H. B. Hungtai'orti : Albany, 
April, 10, 1886 (Uhler Coll.) ; White Plains, August 22, 1907 (U. S. N . M.) ; 
Long Island, H. Meeskc (IJ. S. N. M.) ; Staten Island, Septoiiiber 3, 1926 
(U. S. N. M.); West Point, September 9, 1917, W. Robinson; also. April 22, 
1926 (U. S. N. M.) ; Lake Side (N. Y.?), September 22, October IS, Novianber 
16 (Uhier Coll) 

New Jersey: Madison (Uhler Coll); Palisades, August 3, 1923 (U, B. N. 
M.). 

Connecticut; Hartford, October, 1892, (U, S. N. M.) ; Milford, March 21; 
New Canaan, April 3. 1919 (see Conn. Geol k Nat. Hist. Surv. Bull. 34). 

Massachusetts: Woods Hole (U. S. N. M.) ; Wellesley, October 10 (IJhh'r 
Coll.). 
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Maryland: Mt. Zion Valley, August 16 (XJbler Coll.). 

Ohio: Cuyahoga Co., June 1, 1912, C. J. Drake, 

Michigan : Cheboygan Co., August 7, 19^, July 20, 1930 ; Douglas Lake, 
Cheboygan Co., July 29, 1928, July 26, 1926 .; PelLston R,d. Pool, July 20, 1930. 
The same pool, August 3, 1932; Mackinac Island State Park, August 19, 1925. 
All taken by H. B. Hungerford; Ann Arbor, March 7, 1894, Wolcott (Nebr. U.). 

Minnesota: Grand Marais, August 13, 1922; Pelican Rapids, August 22, 
1922. Itasca Park, Green Lake, August 21, 1922. St. Louis Co., August 14, 
1922. All taken by H. B. Hungerford. 

Canada ■ 

Newfoitndland : Kelligrews, August 26, 1922, F. Johansen; (Ottawa, Can.). 

Quebec: Knowlton, July 30, 1929, L. J. Milne (newly emerged) ; (Ottawa, 
Can.). 

Ontario: E. Ottawa, May 12, 1930, G. S. Walley. (Ottawa, Can.) 

Other Biological Notes, Long ago Doctor Uhler pointed out that 
this insect prefers cool waters. Van Diizee has reported it in stag- 
nant pools having clayey bottoms near Buffalo, N. Y. I found it a 
rather rare insect around Ithaca, N. Y., but in Michigan, in a gravel- 
pit pool, I took seventy-six specimens in a couple of hours. This 
pool contained cold water about two feet deep at the west end and 
shallower and warmer water elsewhere. Most of the specimens 
were taken in the cold water, where they were swimming slowly on 
an even keel about midway between the bottom and top. They are 
able to remain for a long time submerged, their backs covered with 
a silvery film of air. At Ithaca, N. Y., the species wintered as an 
adult; eggs were attached to submerged vegetation during the last of 
xApril and in May, The incubation period was twenty-four days. 

Notes on Notonecta rugosa Fieber 

In the Zoological Museum at Berlin there are nine specimens in 
the row labeled N, rugosa Fieb. They are labeled as follows: 

First: “3628” “Baltirn. King.” “Rugosa Fieb.” The last looks like Fieber's 
writing. 

Second: “Cat. No. 3628” “Nov. Granada-Gond” (I cannot be sure of this 
written, label.) ‘Notonecta mgosa Fieb. and below it another ^‘mgosa Fieb. 
undulata Say.” 

Third: “Cat. No. 3628” and a green label I cannot read with certainty. 
“Massachut. Zim.”? Notonecta rugosa Fieb.” 

Fourth: Cat. No. 3628” “Massachus. Zimmerm” Notonecta rugosa Fieb. 

Fifth: Labeled as above. This is a darker specimen than the four above. 

Sixth and Seventh: Labeled as above. 

Eighth: “3629” “Mexico Deppe” “Notonecta rugosa var.” 

Ninth: “3630” “Baltim. King.” “N. mgosa var.” This is a white specimen. 
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All of the above except No. 8 are N. undidata Say, and tlic first 
specimen looks as if it were Fieber^s determination label. Tlie 
eighth one is a dermestid-eaten female. It is not N, imdtilafa Say, 
but I do not know what to call it. 

Doctor Fieber described his N. riigom as '’Tdluge, UdrIVa linien.'’ 
The specimens here in Berlin are only 5% English lines. Doctor 
Kirkaldy pla^ iV. 7iigosa Fieb. as a synonym of N. inmlata Kirliy, 
no doubt being influenced by Fieber^s name and by his statement of 
length. Fieber named four varieties: variety bicolor and variety 
plagiata from “Longisland, Baltimore (Mus. Berol. iind Hal.) /’ var. 
cordigera from ^Tennsylvanien (Dr. German), Baltimore (Mus. 
Berol. and var. basalis from '^Brazilien (Mus, BeroL).^’ In 
Kirkaldy^s Uber Notonectiden, p. 94, he says that Doctor Brcfhlin 
sent him from the Halle Museum a specimen labeled N. ruffosa, but 
that it was a variety of A. imdidata Say and too small to be Fiehei’V 
N. rugosa, 

I have seen no species from Brazil (except N. nigra Fieb.) that is 
as large as N. inmlata Kirby. Doctor Fieber recordcal his vtir. 
basalis as from Brazil. I did not find it in the Vienna Museum. 
N. rugosa Fieber is either a s^monym of N. insidata Kirby creditiai 
with the same size or else is N. undulata Say with some stranger error* 
in FiebeFs measurement. In any event, the localities in eastern 
United States are so well known that N. rugosa must be one or the 
other of the species named above. 

Notonecta kirbyi Himgerford, 1925 

(Color III, fig. 4 ; Plate XV, fig. 2) 

1025. kirbyi Himgerford, Cun. Knto. Ivii, p, 241, pi. f>, fig. 2. 

102S. N. kirbyi Hungerforfl, Annals Enl. Soc. Amer.. xxi, i). :M2. 

1928. N. kirbyi Hungerford, Knlo. Nevr.s, xxxix, p. 1.50. 

Referring to this species, also: 

1876. AT. iiisulata IJhler; Wheder’.s Kept, upon Goog. & Geo). Expl, and Snrvey.s W(‘hI. 
of One Hundredth Meridian, Washington, vol. v, eh. xii, p. 841. (Owiui's valley, Culif., hy 
F. Bischoff.) ^ 

1876. AT. insulata XJhler, Bull. U. S. Geol. Geog. Surv., yoh I, Bull. No. 6, 2(1 .s(‘r, p, 229 
(Mts. of Colorado). 

1876. AT. insuluth Uhler, Bull. U, S. G'eoL Geog. Surv,, p. 72. (Reprint from aljove.) 

1877. N. insuMta Uhler, Wheeler's Kept. Chief Engiiuier for 1877, p. 12,82. (In Aiissana.) 

1878. Ah insulata Uhler, Bull. U. S, Geol. Geog. Surv,, iv, p. .509. (Milk river region, 
Montana.) 

1897. Ah insulata var. impressa, Kirkaldy (not Fieber) Trams. Kntu, Soc. I.ondon for 18*97, 
p. 404. 

1901. N. insulata Cliainpic^n, Biol. Centr. Amer. Heni.-Het., If, p. 269. 

1904. N. insulata IJliIer., Proc. U. S. Natl. Alus., xxvii, p, 264. 

1905. Ah insulata Bueno, ,T1. N. Y. Ento. Soe., xiii, p, 46 (in pari). 
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]90(]. iV. itimlata Snow, Trans. Kansas Acad. ►Sci., xx, pt. 1, p. 181. 

1909. N. imxilata Kirkaldy and Bueno, Broc. Ento. Soc. Wash, x, p. 198 (in, part). 

1014. N. inmlata Van Duzee, Trans. San Diego Soc. Nat. Hist. II, p. S3. 

1017. iV. itnulata Van ,Diizo<;, ("aialogue Hemiptera, p. 453 (in part). 

1919. N. msulata Parshley, Ocoas. Papers Mas. Zodl. tlniv. of Mich., No. 71, 1919. 
(Probably.) 

1922. N, inmlata Hungerford, Kaii-sas Univ. Sci. Bull., xiv, pp. 417-419. 

1922. TV. inmlata Parshley, S. Dakota St, College Tedi. Bull. No. 11, p. 22 (from Capa, 
Jones Co., S. D-) 

Size. Length, 13.8 mm. to 15.5 mm.; width of pronotum, 4.5 mm. 
to 4.8 mm. 

Shape. A rather elongate species. 

Colo7\ Variable. Some specimens nearly like N. insulata Kirby, 
but usual pattern considerably darker ; limbs usually less distinctly 
longitudinally striped. Typical color pattern tan and black or red 
and black. The clavus and basal half of corium tan, orange or red 
mottled more or less with black. Distal half of corium and basal 
three-fifths of membrane typically black, the black field of the 
corium broken only by two small spots colored like the clavus. 
(These spots may be large and confluent giving a triangular patch 
like that of N. msulata Kirby.) Corium and anterior lobe of mem- 
brane especially clothed with golden hairs. Dorsum of abdomen 
in the red forms nearly always reddish; metaxyphus typically black. 
The venter dark except connexivum. 

Structural Characteristics. Head less than one-half length of 
pronotum, transverse ; vertex longer than its anterior width ; anterior 
margin of vertex less convex, as long as the frontal margin of the 
eye and projected beyond it; anterior breadth of vertex : synthlip- 
sis : : 2 — : 1 ; synthlipsis usually fully one-half to two-thirds width 
of an eye. Pronotum more than twice as long as the head; lateral 
margins only moderately divergent, nearly straight; anterior angles 
normal or slightly embracing the eye; lateral ledge a little thicker 
than in N. msulata Kirby, oblique and slightly sigmoid. In side 
view the rear portion of pronotum more elevated than in N. insulata 
Kirby. Anterior lobe of membrane slightly longer. Anterior tro- 
chanter of male with a small hook beyond the middle. Mesotro- 
chanter not angulate. Carnia of the fourth ventral abdominal seg- 
ment bare on keel. The terminal abdominal sternite of female 
broad, short and only slightly incised at tip. Female gonapophyses 
(first pair) of intermediate length. Male genital capsule as shown 
on Plate XY. 

Location of Type. In the Francis Huntington Snow Entomological 
Museum at the University of Kansas. Holotype, allotype and para- 
types from Emery county, Utah, Aug.-Sept., 1921, Mrs. Grace Wiley. 
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Comparative Notes. This species has long been confused with N. 
insulata Kirby, from which it can be distinguished as indicated in 
the key. 

Data on Distribution. This species has been confused heretofore 
with N. insulata Kirby. The distribution is western United States 
and Canada. I have the following records : 

Canada 

British CoiArMBiA: Mt. Cheam, Mar. 9, 1924; Bearfoot Mt., Sepfc. 3, 1917 
(U. S. N. M.) ; Vernon, Aug. 5, 1931, L. D. A.nderson; Vernon, Sept. 26, 1929 
(Ottawa, Can.) ; Peacliland, Oct. 7, 1921, A. N. Gart.rell ; Holla, Aug. 6, 1927, P. 
N. Vroom; Revelstoke Mt., 6,000 ft., Aug. 12, 1923, E. R. Buckell; Creston, 
July 15, 1926, A. A. Dennys; Princeton, May 6, 1923, P. IST. Vroom; Brents L. 
Summerland, Oct. 29, 1931, A. N. Gartrell; Copper Mts,, Oct. 26, 1928, G, Stace 
Smith; July 24, 1923, E. R. Buckell; Minnie L,, July 26, 1925, jN[. 

Griddle; Aspen Grove, May 26, 1922, P. N. Vroom; (above in Ottawa, Cam). 

Alberta: Tofield, Aug. 25, 1923, E. H. Strickland; (Cypress Hills, July 21, 
1930, J. H. Pepper; Waterton Lakes, July 2, 1930, J. II. Pepper; Miedicine Hat, 
Aug. 7, 1929, J. H. Pepper. 

United States op xVmbrica 

S. Dakota: Capa, Jones Co., June 1, 1921, H. C. Severin (S. I). St. Collegi'). 
Nebraska: Monroe Canyon, Sioux Co., August 15, 1908, J. T. Zimmer (Nebr, 
U.) ; Pine Ridge, July (Ohio St. Univ.). 

Colorado: Pingree Park, Aug. 25, 1921, Lawson A: Beamer; Northern Colo., 
Aug. 25, 1920, R. C. Moore; Caisson, July 1, 1931, L. D. Anderson; Colorado 
819 (Uhler Coll.) ; Colorado Mts., July to Sept. (Uhler Coll.) ; Colorado 2063 
Gillette (Uhler Coll.) ; Denver, B. H. Smith (Uhler Coll.) ; Colorado, C. F. 
Baker (U. S. N, M.) ; Hamilton, July 3, 1928 (newly emerged) ; Ft, (^ollms, 
Aug. 7, 1900, Aug. 11, 1899, Sept. 1, Sept. 8, 1926^ Sept. 14, 1916, Sept. 18, 

1928, Sept. 19, 1931, Oct. 2, 1917, Oct. 5, 1931, Oct. 30, 1930, Novv I, 1920 (Ft. 
Collins Exp. Sta.) . 

Texas: Valentine, July 13, 1927, R. H. Beamer; Presidio, July 16, 1927, R. 
H. Bea,mer. 

New Mextcd: Tormnee Co., July 21, 1929, P, W. Oman; Esintirim 6, 

, 1929, (1 H. Martin; Cocorro Co., Aug. 18, 1927, R. IT. Bcaimer: MC-ssilla, I^arlc, 
July IS, im, L. D. Anderson; Las Vegas, Barbeu' & Schwarz (L. S. N. M,). 

.Arizona: YaA’upai Co., July 1, 1929, It. D. Anderson; Co(‘}ii.’'‘e Co., Jtily 20. 
1927, R. H. Beamer; Gila Co., Aug. 5, 1927, R. IL Beamer; Santa (haiz, Aug. 
7, 1927, P. A. Rcadio; Santa Rita Mts., July 25, 1927, R. H.. Ihavuim*; Navajo 
Co.,, Aug. 15, 1927, R, H. Beamer; Coconino Co., Aug. 13, 1927, Ik A. Rchadio; 
Douglas, San Bernardino Ranch, 3,700 ft., Aug., F. H. Snow; Baboqiiivaria 
Mts., F. H. Snow; Arizona (Uhler Coll.); Yuvapai Co. (U. S. N. M.); 
Senator Mine, near Prescott, Sept. 12, 1907; Flagstaff, Barber & Schwarz 
(U. S. N. M,); Lowell (Uhler Coll.) ; Chiricahua Mts., Pinerey Canyon, Boy 
Scout Camp, June 17, 1932, D. K. Duncan; Reservation Springs, 12 miles 
N. E. of Globe, Sept. 17, 1932, D. K. Duncan; Peach Springe, Aug. 27 (Ohio 
State Univ.). 
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Utah: Emeiy Co., Aug. 2, 1921, Grace 0. Wiley; Emery Co., July 22 and 
29, 1921, €k*ace O. Wiley; Emery Co., Sept. 13, 1921, Grace O. Wiley; Far- 
west, C. J. D. Browii; Salt Lake Co., July, 1929; Kane Co., Siunnaer, 1921, 

R. C. Moore; Garfield Co., Aug. 14, 1921, R. C. Moore; Antelope, July 1, 
1931, L. D. Anderson; Ogden, June 27, 1910, F, T. Moore (U. S. N. M.) ; Salt 
Lake (U. S. N. M.); Lelii, May 27, 1930, G. F. Knowiton (Knowlton Coll). 

Nevada: S'unnyside, C. T. Brues, 1930, Hot Sp. Exp., 1930, Sp. No. 97; 
Bottle Mountain; Fallon, Aug. 9, 1929, L. D. Anderson; Carson City, Aug. 
9, 1929, R. H. Beamer; Meadow, Nev. Hot Sp. Expd., 1930, Sp. No. 113, 
Gerlach & Soldier; Reno, Feb. 13, 1916, H. G. Dyar (U. S. N. M.) ; Owens 
Valley (UhJer Coll.); Vacity (Uhler Coll.). 

Caufornia: Bautista Canyon, Apr. 8, 1931, C. H. Martin; Emery, May 14, 
1921, C. T. Dodds; Oakland, Feb. 22, 1921, C. T. Dodds; Laguna Beach, C. T. 
Dodds; Laguna Mts., July 6, 1929, P. W. Oman; Alpine, July 9, 1929, L. D. 
Anderson; San Diego Co., July 28, 1929, P. W, Oman; Cuyamaca Lake, 
July 6, 1929, P. W, Oman; Giant Forest, July 28, 1929, P. W. Oman; Indio, 
July 24, 1929, L. D. Anderson; Palo Alto, Mar. 5, 1892 (Cornell); Giant 
Forest, Seq. Nat. Park, July 21, 26, 1907, 6,000-7,000 , ft,, J. C. Bradley 
(Cornell) ; Fish Springs, Hot. Sp. Expd., 1930, C. T. Brues; San Francisco 
(labeled by Uhler N. i^npressa Fieb.) (Uhler Coll.); San Luis Obispo (U. S. 
N. M.); Sonoma Co., (U. S. N. M.) ; San Jose, Sept. 8, 1881 (U. S'. N. M.); 
Menlo Park, Jan. 1905, F. Hornung; Santa Barbara Co., Coquillet (U. S. 
N. M.); San Diego Co., Coquillet (Uhler Coll); California, Augv C. V. 
Riley (Uhler Coll.) ; California, L. Lethierry (labeled N. mexicana) (XJ. S. 
N. M,) ; Santa Clara Co., Baker (U. S. N. M.) ; Placer Co., Aug. (U. S. N. M.) ; 
Palm Springs, H. G. Hubbard (U. S. N. M.) ; Mt. Diablo (U, S. N. M.) ; 

S. California (Uhler Coll.); San Antonio Canyon, Ontario, July 25, 1907; 
Campo, Calif., Laguna Mts., Aug. 25, 1932, H. W. Capps. 

Oregon: Gaston; Corvallis, Sept. 4 (C. J. Drake); Dilley (H. G. Barber); 
Hood River, July 17, 1931, L. D. Anderson; Boardman, July 17, 1931, L. D. 
Anderson; Union, July 13, 1931, L. D. Anderson; Hot Lake, July 13, 1931, 
L. D. Anderson; Oregon (Uhler Coll.); Corvallis, Aug. 8, 1925 (U. S. N. M.) ; 
Mt. Hood Lodge, Parkdale, alt. 3,500 ft., July 30, 1931, M. C. Lane (U. S. 
N. M.); AVarner Lake, 1877 (Uhler Coll.). 

AVyomlno: Yellowstone Nat. Park, Aug. 2, 1926, George Cady; Grand 
Ye ion Nat. Park, Aug. S, 1931, L. D. Anderson; Ft. Laramie, Horn (Uhler 
(Joll.) ; Grand Teton Nat. Park, Aug, 1931, L. D. Anderson. 

Idaho: Burley, July 6, 1931, L. I). Anderson; Bliss, July 7, 1931, L. D. 
Anderson; Soldier, (Nebr. U.) ; Council, June 25, 1926, alt. 3,059 ft.; Moscow, 
Get. 1928, alt. 2,560 ft. 

AVashinoton : Pullman; L. McElroy, Paha, 1920; Kalama, July 21, 1931, 
L. D. Anderson; Coulee Cfty, Sept. 2, 1920, M. C. Lane (U. S. N. M.) ; Lind, 
May 13, 1921, M. C. Lane (U. S. N. M.); Stratford, Sept. 3, 1920, M. C. Lane 
(U. S, N. M.) ; Ritzville, May 17, 1921, M. O. Lane (U. S. N. M.) ; L. Mc- 
Elroy, Paha, June, 1920, M. C. Lane (U. S. N. M.) ; Pullman, C. V. Piper 
(U. S. N. M.). 

Montana: Glacier Park, Aug. 20, 1926, George Cady; Anaconda, Aug. 
12, 1931, L. D. Anderson; Whitehall, Aug. 31, 1931, L. D. Anderson; Three 
Forks, July 7, 1931, L. D. Anderson. 
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Notonecta irrorata Uhler, 1879 

(Color Plate I, fig. 1; Plates X, fig. 4, and XVI fig. 1.) 

1879. N. irrorata Uhler, Proc. Boston Soc. Nat. His., xix, p. 44.1 

1888. N, irrorata Uhler; Provancher, Pet. Faune Ento. Can,, iii, p, 200. 

1891. N. irrorata Uhler; Summers, Bull. Agr. Exp. Sta., Univ. of Teun., iv, No. 3, p. 82. 

1894. N. irrorata Uhler; Van Duzee, Bull. Buf. Soc. Nat. S'ci., v, p. 18(5. (Not infre- 
quent in stagnant, muddy pools about Buffalo, N. Y.) 

1897. N. irrorata Uhler; Kirkaldy, Trans. Ento. Soc. Lond. for 1897, p. 418, 

1900, N. irrorata Uhler; Osborn, Contr. Dept. Zool «lfe Ent. Ohio St. Univ, No. 2 p. 79, 

1902. N. irrorata Uhler; Bueno, Jl. N. Y. Ento. Soc., x, pp. 230, 231, 235. 

1904. N. irrorata Uhler; Kirkaldy, Wien, Ento. Zeit., xxiii, p. 182. 

1905. N. irrorata Uhler; Bueno, Jl. N. Y. Ento. Soc. xiii, 'pp. 46, 159; pi, vii, fig. 6, 

1907. N. irrorata Uhler; Bueno and Brimley, Ento. News, xviii, p. 435. (March to 

November four newly transformed August 8, N. Car.) 

1908. N. irrorata Uhler; Bueno, Jl. N. Y. Ento. Soc., xvi, p. 238. 

1909. N. irrorata Uhler; Kirkaldy and Bueno, Cat. of Am. Aquatic and Seiniaquatic 

Hemiptera, Proc. Ento. Soc. Wash, x, Nos. 3 and 4, p. 198. 

1910. N. irrorata Uhler, Smith, Cat. Ins. N. J., edn. 3, p. 169. 

1918. N. irrorata Uhler; Browne, Jl. Exp. Zook, xiv, p. 61. 

1914. N. irrorata Uhler; Parshley, Psyche, xxi, p. 140. (May 22 -September 19, Orono 
& Machias, Maine.) 

1914. N. irrorata Uhler; Barber, Bull. Am. Mus. Nat. His., xxxiii, i). 409. (From 
Florida.) 

1917. N. irrorata Uhler; Hungerford, Ento. News, xxviil, p. 271. 

1917. N. irrorata Uhler; Parshley, Occasional papers of the Boston Soo. of Nat. His., 
vii, p. 112. (Me., N. H., Vt., Mass., R. I., Conn.) 

1917. N. irrorata Uhler; Van D'uzee, Cat. of Hemiptera, pp. 450, 451. 

1918. N. irrorata Uhler; Hungerford, Ento. News, xxix, pp. 242-245; pk xiv, figs. 1-4; 
pk XV, fig. 9. (Illus. ovipositor.) 

1919. JV. irrorata Uhler; Hungerford, Kaiis. Univ. S'ci. Bulk, xi, pp. 32, 33, 166, 167, 171, 
177, 180-186, 187, 804, 319, 312, 339; pk xix, figs. 2, 6, 9; pk xxii, figs. 1-5; pk .xxiii, fig. 9. 

1923. N. irrorata Uhler; Bueno, Conn. State Geol. and Nat. Hist. Survey Bulk, xxxiv, 
pp. 405, 406, figs. 44, 45; pk xvi, fig. 7. (April to November.) 

1923. N. irrorata Uhler; Bueno and Hussey, Bulk Brook. Ento. Soc., xviii, ]-tp. 105, 106. 

1925. JV. irrorata Uhler; Hungerford, Annals Ento Soc. Am., xviii, y-i. 417. 

1925. N. irrorata Uhler; Hungerford and Beamer, Ento. News, xxxvi, p. 207. (Kansas 
Record new.) 

1926. N. irrorata Uhler; Leonard, Cornell Univ. Agri. Exp. Sta. Memoir 101, ]:i. 1.38. 
(March to November.) 

1926. N. irrorata Uhler; Flungerford, Bulk Brook. Ento. Soc., xxi, p. 104. 

1926. N. irrorata Uhler; Blatchley, Heteroptera of Eastern N. A., p. 1052. 

1928. N. irrorata Uhler; Hungerford, Ento. News, xxxix, p. 150. (Georgia.) 

1928. N. irrorata Uhler; Hungerford, Annals Ento. Soc. Amer., xxi, p. 112. 

1929. N. irrorata Uhler; Hutchinson, Annals of South African Mus., xxv, pt. It, p. 

Also, referring to this species: 

1878. Ak irrorata Say; Packard, Guide to the Study of Insects, (Jth Edn. p. 53T. (With- 
out description, a manuscript name of Say used in 1st Edn. 1869.) 

Size, Length, 12.9 mm. to 15.5 mm.; width of pronotum, 4.5 mm. 
to 5 mm. 

Shape, The rapid divergence of the lateral margins to the prono- 
tum from the comparatively small head give the appearance of a 
broad-shouldered back swimmer. 

Color. General color is irrorated or mottled brown and blue-black 
or black. Head, limbs and connexivum of usual color, or a little 
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darker, often greenish. Pronotimi of same color, but darkened on 
caudal part by the black mesonotiim beneath and marked by a 
median dark brown blotch in front. Scutelliim black. Hemelytra 
irrorated with brown and black or blue-black, the brown usually pre- 
dominating on the clavus and the black on the coriiim; the mem- 
brane is black. The venter is black. The last abdominal sternite 
may be testaceous or partly so, and the metaxyphus is usually mar- 
gined with testaceous. 

Structural Characteristics, Anterior outline of the head, as seen 
from above, somewhat flattened; vertex with anterior width equal 
to its length; anterior margin of vertex less convex and a little 
shorter than the frontal margin of an eye; anterior breadth of ver- 
tex : synthlipsis :: 3:1; the synthlipsis narrow, only one-third the 
width of the eye; the inner margins of the eyes diverging widely. 
Pronotum more than twice the length of the head; lateral margins 
quite divergent, and nearly straight; anterior angles not embracing 
the eyes; lateral ledge slightly sigmoid and oblique. Scutelluin 
slightly wider than long. Lobes of membrane about equal. Anterior 
trochanter of male without hook or tubercle. Mesotrochanters 
roughly right angulate. The terminal abdominal sternite of female 
large and constricted near the tip, which is entire; first pair of gona- 
pophyses long. Male genital capsule as shown on Plate XVI. 

Location of Type. The type was from “Ipswich, March, Mr. 
Oakes; Milton, Mass., April 22, 1829.’^ I have seen four specimens 
in the Boston Society of Natural History Museum (Harris Collec- 
tion) that may be designated the “cotypes.” 

Comparative Notes. This species is related to the Notonecta 
glauca linn, group. The long gonapophyses and the large terminal 
abdominal sternite of the female and the digitate process on the 
genital capsule of the male place it clearly with the European 
species. The only related species of North America is N. borealis 
Bueno and Hussey. 

Biological Notes. Bueno tells us that this handsome back swim- 
mer likes the shadows of the bank, overhanging limb, or of aquatic 
vegetation. I think it does prefer such places, but I have taken it 
in open ponds. It winters in the deeper ponds and spring-fed, open 
pools, flying from these quarters to shallower waters for breeding. 
I have seen them swimming slowly under the ice at the Field Station 
at Ithaca, N. Y., in early February. Mating has been observed in 
April in a pool in which they overwintered and from which they 
soon disappeared, to be found in a meadow pool a quarter of a mile 
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away. Unlike all other North American species, except N. borealis 
Bueno and Hussey, this species inserts its eggs in the tissues of 
plants. One female contained 252 ova. The egg stage lasted two 
or three weeks in late May and first half of June at Ithaca, N. Y,, 
where I made the above observations. After five nymphal instars 
the adults appeared about the middle of July. 

Data on Distribution: 

Canada 

Quebec: Knowlton, Aug. 12, 1929, G. S'. Walley; Aylmer, April 20, 192f, 
G. S. Walley; Kazubazua, Aug, 18, 1931, G. S. Walley; Fairy Lake, Hull, 
Sept. 11, 1928, G. S. AValley (Ottawa, Can. Coll.) ; Montreal, Aug. 1903 
(U. S. N. M.). 

Ontario: Southampton, Sept. 13, 1927, G, S’. Walley; Black Rapids, 
Ottawa, Aug. 25, 1927, G. S. Walley; Arnprior, Sept. 15, 1928, G. S. Walley; 
Merivale, May 9, 1930, G. S. Walley; Rockcliffe, Ottawa, July 2, 1928. 
G, H. Fiske; Ventnor, Sept, 2, 1928, J. A. Adams; Vineland Sta., Sept. 11, 
1928, W. Putman. (All of above in Ottawa, Canada Collection). 

United States op America 

Maine: Orono, Macliias, May 22 to Sept. 19 (Parshley 1914). 

Mass.^chusetts : Mass. (Uhler Coll.); Melrose Heights, Mar. 15, D. H. 
Clemons. 

Rhode Island: R. I. (C. F. Baker Coll). 

Connecticut: Conn. (Uhler Coll.). April 24-Nov. 24. (See Conn. Geol. 
and Nat. Hist. Surv. Bull. 34). 

New York: Ithaca, every month of year, H. B. Hiingerford; New York 
(Uhler Coll.); Long Island (Uhler Coll.). 

New Jeksey: Pallisades, Aug. 23, 1903 (U. S. N. M.); Ft. Lee Dist., Oct. 
10, 1903 (U. S. N. M.) ; Madison (Uhler Coll.) ; N. J. (Uhler Coll.). 

Pennsylvania: Philadelphia, 1926, F. Anderson; Penn. (Uhler Coll.); 
Philadelphia, near Narbevth Dec. 19, 1922, W. E. Hoffmann (Minn. Coll.); 
Hummelstown, April 1, 1917, J. N. Iviiull. 

Ohio; Wellington, July 8, 1890 (Tenn. Coll.) ; Cincinnati, Dec. 30, 1923, 
W. E. Hoffmann (Minn. Coll.); Columbus, Sept. 26, 1914, C. J. Drake. 

Indiana: Maxinkuckee; Indiana (Uhler Coll.); South Bend (U. S. N. M.) ; 
Kosciusko Co., July, 1932, G. E. Gould. 

Illinois: Toledo, Aug. 1891, Harvey; III. (Uhler Coll.) ; Champaign, Aiuil, 
1907, Hart and Hood; Hilliary, Mar. 23, 1907, Hart and Hood; Dubois, June 
20, 1906; Johnson Co., July 20, 1877; St. Francesville, Aug. 23, 1884; Flora, 
Aug. 22, 1884 (above in 111. Nat. Hist. Surv. Mus.). 

Michigan: Ann Arbor, Sept. 15, 1927, E. Greaser; Biyants Bog, Douglas 
L., July 17, 1923, Smith’s Bog, July 17, 1923, Sedge Pt. Pool, Aug. 16, 1923, 
Mackinac Island, Aug. 19, 1925, Trout L., Mich. Aug. 25, 1925, Nigger Creek, 
Mullett Lake, Aug. 4, 1925, Burt Lake, Fontinalis Run, July 7, 1923, Bois 
Blanc Island, Aug. 14, 1932. All above by H. B. Hungerford. 

Minnesota: Grand Marais, Aug. 13, 1922, W. E. Hoffmann; Ramsey Co., 
Nov. 11, 1922, W. E. Hoffmann (Minn. ColL). 
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Marylam): Crisfield, Baltimore, Frederick (all Uhler ColL); Plummers 
Island, April 25, 1913; Laurel, Aug., 1909, F. B. Marshall; Annapolis, Sept. 18, 
1932, Paul Oman. 

Disteict op Columbia: Rock Creek, Aug. 31, 1906, D. H. Clemons (U. S. 

N. M.). 

Virginia: Chain Bridge, Sept. 3, 1906, B. H. Clemons; Great Falls, May 22, 
1906. 

Ih^jNNESSEE: Monroe Co., July 6, 1890> H. E. Summers (111. Nat. Hist. Surv, 
Mils.). 

Kentucky: East Cairo, June 7, 1881, S. A. Forbes (111. Nat. Hist. Surv. 
Mus.) ; Shakertown, July 26, 1932, H. Garman (Garman ColL). 

North Carolina; Southern Pines. 

South Carolina: Clemson College, Mar. 19, 1927, W. E. Jones; Clemson 
College, Nov. 28, 1927, D. Dunavan; Jacassee, June 19, 1927; Salem, June 30, 
1927, D. Dunavan (all above in S- C. Exp, Sta.) ; S. C. (Uhler Coll.) ; Hopkins, 
Sept., 1920, C. S. Washington (U. S. N. M.). 

Georgia: Floyd Co., Sept. 1, 1929, Creaser and Becker; Bleckley Co., Sept. 
5, 1929, Creaser and Becker; Wrens, July 22, 1930, P. W. Oman; Prattsburg, 
July 25, 1930, R, H. Boamer; Baker Co., Oct. 23, 1927, C. H. Martin. 

FimiiinA: Gainesville, June 9, 1918, Drake; Hilliard, Aug. 19, 1930‘, R. H. 
Beamev. 

Alabama: Prattsville, July 21, 1930, P. W. Oman; Mount Meigs, July 21, 
1930, Leonard Tuthill; Ala. (Uhler ColL). 

Mississippi: Smithville, July 17, 1930, R. H. Beamer; Hamilton, July 15, 
1930, P. W. Oman; Scooba, July 17, 1930, P. W. Oman; luka, July 14, 1930, 
P. W. Oman; Crowder, Aug. 30, 1925, H. M. Harris; Charleston, Sept. 7, 1925, 
H. M. Harris; Agricultural College, Sept. 1, 1925. 

Louisiana: New Orleans; Baton Rouge, Mar. 9, 1929, R. M. DeCoursey. 

Texas: Bowie Co., Aug. 16, 1928, R. H. Beamer; Texas (Uhler Coll), 

Arkansas: Imboden, B. C. Marshall (U. S. N. M.). 

Kansas: Douglas Go., F. H. Snow; Douglas Co., Rock Pool, Apr. 1, 1933, 
Carl Cummings; Doniphan Co., Aug. 25, 1924, Linsdale; Cherokee Co., Aug., 
1920, Hungerford and Beamer. 

Arizona : Arizona (Uhler Coll.) . 

Notonecta borealis Bueno and Hussey, 1923 

(Color Plates I, liig. 4,. and 11, ligs. 6 and 10; Plate XVI, fig. 2.) 

1023. h\ borealu Bueno and Hus.sey, Bull. Brooklyn Ento. Soc., xviii, pp. 104-107, fig. 1 
(fig. of female gonapophyses). 

1024. .V. borealis Bueno and Hussey; Hungerford, Kansas Univ. S'ci. Bull., xiv, p. 426 
(says fig. Jalx'led N. lutea on plate xx.vi, ICana. Univ. Bci. Bull, xi, is A', borealis B. & H.) 

1920. N. borealis Bueno and Hussey; Blatchley, Heteroptera. . . . p. 1053. 

1926. N. borealis Bueno and Hussey; Hungerford, Bull Brooklyn Ento. Soc., xxi, p. 194 
(Abundant in Michigan). 

1928. N. borealis Bueno and Hussey; Hungerford, Annals Ento. Soc, Amer., xxi, p. 142, 

1928, N. borealis Bueno and Hussey; Hungerford, Can. Ento., lx, p. 76. (Describes 
dark-colored forms.) 

1929, N. borealis Bueno and Hussey; Hutchinson, Annals of South African Museum, xxv, 
pt. 3, p. 363. 

1930, N» borealis Bueno and Hussey; Walley, Can. Ento., vol Ixii, No. 4, p. 77. 
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Also referring to this species: 

1897. iV. insulata Kirkaldy, Trans. Ento. Soc. London for 1S97, p. 405. (Specimon in 
Signoret’s Coll, labeled N. rugosa.) 

1904. N. lutea Biieno, Ento-, News, xv, p, 220. 

1905. N. lutea Bueno, .11. N. Y. Ento. Soc., xiii, p. 100. 

190S. N. f lutea Kirkaldy and Bueno, Proc. Ento. Soc. Wa.sh., x, p. 19S. (Says Aincirioan 
species is not Miiller’s.) 

1917. N. lutea Van Duzee, Gat. Hem. Amer, North of Mexico, p. 450. 

1918. N. lutea Hungerford, Ento. News, xxix, p. 244, pi. xv, fig. 1 (fig. of ovipositor), 

1919. N. lutea Hungerford, Kans. tJniv. Sci. Bull., xi, p. 331. 

Size. Length, 12.4 mm. to 14.2 mm.; width of pronotiim, 4.3 mm. 
to 5.1 mm. 

Shape. Plump, deep bodied, with the abdomen broader than the 
pronotum at the humeral angles. 

Color. General color liiteous, usually with a dark streak follow- 
ing the costal margin from the base of the hemelytra; membrane 
pale. Scutellum pale yellow. Pronotum, head and limbs ivory 
white or the last darker or streaked with brown; sometimes face 
and limbs more or less greenish. Venter dark. In some specimens 
the brown streak nearly covers the clavus, and in rare cases speci- 
mens have been encountered that have a black scutellum and heme- 
lytra as dark as in N. irrorata Uhler. In such cases of inelan- 
chroism, however, the posterior lobe of the membrane remains pale. 

Stmctural Characteristics. Anterior outline of head, viewed from 
above, somewhat flattened, but vertex produced beyond the eyes; 
vertex at least a fifth broader in front than its length; anterior 
margin of vertex less convex and plainly longer than the frontal 
margin of the eye; anterior breadth of vertex : synthlipsis :: 2.3:1. 
Pronotum slightly more than twice as long as the head; lateral mar- 
gins divergent, slightly concave; anterior angles not embracing tlie 
eyes; lateral ledge sigmoid and obli(iue and shorter than the length 
of the eye below it. Scutellum small, slightly shorter than tlie prono- 
tum, Posterior lobe of membrane shorter than the anterior lobe. 
Anterior trochanters of the male without hook or tubercle ; mesotro- 
chanters rounded. The terminal abdominal sternite of the female 
large and constricted near the tip, which is entire. First pair of 
gonapopliyses long. Male genital capsule as shown on Plate XVL 

Location of Type. Type and paratypes in collection of J. R. de la 
Torre-Buneo; paratypes in collections of R. F. Hussey, H. B. Him- 
gerford, H. M. Parshley, W. E. Hoffmann, and the Museum of Zool- 
ogy, University of Michigan. 

Comparative Notes. This species is related to N. lutea Miiller 
of northern Europe from which it differs in a number of respects. 
Besides the differences in genitalia in both sexes, the N. lutea Muller 
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lias a hook on the anterior trochanter of the male. Both the head 
and mesofernoral spine of N, borealis B. & H. are relatively smaller 
tliaii in tlie old world form. 

Biological Notes. This species deposits its eggs in the tissues of 
aquatic |)Iants. The eggs may be completely covered or be partially 
expovsed. Tlie life history of this species should be studied. Miss 
Liicile Rice made some observations (unpublished) on this species 
at tlie Biological Station of the University of Michigan on Douglas 
Lake during the summer of 1927. She found no adults before June 
29th; at which time she took two, and observed many last instar 
nymphs. Seven of these nymphs transformed in the laboratory 
within the next twenty-four hours. By July 6th there were many 
adults in the pool. One of the adults brought in June 29tli deposited 
an egg on July 9th, Egg laying continued till August 11th. How- 
ever, none of the eggs, either from laboratory or field, showed any 
signs of developing during the summer. Miss Rice therefore took 
them to Tennessee, and some of them deposited July 22d hatched in 
her laboratory on December 15th. 

From the collecting records which I have made about Douglas 
Lake, during a period of ten years, and from Miss Rice’s observa- 
tion, it a])pears that this northern species winters in the egg state. 

Data on Distribution: 

Can.^da 

Quebec: East Coast James Bay, Sept., 1920, P. Johansen; Ratashquan, Que., 
Aum. 8, 10, 11, 1929, W. J. Brown (Ottawa, Can.). 

British Ct>LXJMBiA: Bearfoot Mts., Sept. 17, 1903 (IT. S. N. M.). 

United States of America 

Mj(:'Hk;a.x: Cheboygan Co., Aug. 29, 1918; Douglas L., July 4, 1926, C. H. 
Martin; Douglas L., July 29, 1926, H. B. Hungerford; Douglas L. (Sedge Pool), 
1925 and July 6, 1923, H. B. Hungerford; Douglas L. (Bryants Bog), July 17, 
1925, H. B. Hungerford; Mackinac Island, Michigan, Aug. 19, 1925, and Aug. 4, 
1929, H. B. Hungerford. 

Minneswa: Lake Co., Stony B. Camp Ho. 9, Aug. 16, 1922, H. B. Hunger- 
ford, H. H. Knight, W.E'. Hoffmann; Hibbings, Aug. 18, 1922, H.B. Hungerford. 


Notonecta melaena Kirkaldy, 1897 

(Color Plate III, fig. 7; Plate XIII, fig. 11) 

1S97. A*, shooterii var. melaetia Kirkaldy, Trans. Ento. Soc. I.onclon, 1897, p. 406, 
1904. N. shooterii var. melaena Kirkaldy, Wien. Ento. Zeit., XXIII, p. 132. 

1906. N, shooterii var. melaena Kirkaldy; Bueno, Jl. N. Y. Ento. Soc,, XIII, p. 161. 

Referring to this species, also: 

1897. N. shooterii var, tearca Kirkaldy, Trans. Ento. Soc. London, 1897, p. 407. 
1926, A”, distineta Hungerford, Can. Ento., LVII, p. 241, pi. VI, fig. 4. 

192s. A', distiiivia Hungerford, Annuls Ento. Spr. Am., XXT, pi. TX, fig. 3. 
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Size, Length, 10.8 mm. to 11.7 mm.; width of pronotum, 4 mm. 
to 4.3 mm. 

Color, A bichromatic species, the luteous forms having a tinge 
of orange, the pigmented forms with black scutellum and hemelytra 
varying from light brown to nearly black; a light-brown streak may 
be present along costal margin and above the claval suture; base of 
membrane black and tip white. Propleiira mostly pale. Pro- and 
mesosternum dark. Abdominal venter with black maculations. 

Structural Characteristics. Head less than one-half length of pro- 
notum; vertex shorter than its anterior width as seen from above; 
anterior margin of vertex less convex than frontal margin of the 
eye; anterior breadth of vertex : synthlipsis :: 11:7; the synthlipsis 
broad, slightly more than half the rear margin of an eye; inner mar- 
gins of eyes concave. Pronotum steeply declivant; lateral margins 
of pronotum nearly straight and diverging at an angle of from 44 
to 50 degrees, in the dark form slightly convex and diverging less 
markedly, the angle being about 42 degrees; anterolateral angle em- 
bracing the eye, more in the luteous forms than in the pigmented 
forms, some of which show angles but slightly acute; lateral ledge 
a little broader in the luteous forms and shorter than the rear mar- 
gin of the eye beneath, as long as rear margin of the eye in the pig- 
mented forms; lateral ledge faintly sigmoid, the anterior end curved 
downward and posterior end turned upward. Posterior lobe of 
membrane much reduced in luteous forms and slightly shorter in 
dark forms. Anterior trochanter of male with basal tubercle and 
stout hook characteristic of the N. shooteri Uhler group. Meso- 
trochanters rounded. Penultimate abdominal sternite of female 
broadly triangular, broadly notched at tip and overlapping base 
of following sternite, which is not notched at tip. Female gona- 
pophyses short. Male genital capsule as shown on Plate XIII, 
fig. 11. 

Location of Type. Kirkaldy named this as a variety of N. 
shooterii Uhler, from Mexico (Noualhier coll). I have seen this 
specimen, a male, in the Paris Museum. My N. distincta is the same 
species. I have seen the pale specimens mentioned by Kirkaldy as 
having developed posterior lobes to the membranes and for which he 
proposed the varietal name iearca. He says: ^‘This form I have seen 
only from Mexico (in Stockholm Mus. and in the Paris Mus., where 
it was labeled ^‘americana” by Fallou) The Paris specimens are 
labeled “Mexique, Coll. G. Fallou 259-95.” The male has the mem- 
brane lobes subequal, but the female has them unequal like the 
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Colombian specimen he labeled ^‘ochrothoe” As far as I can de- 
termine the luteoiis male with the normal posterior lobe of the mem- 
brane is an iinpigmented specimen of the dark form of N. melaena 
Kirkaldy. 

Ccmipamtive Notes. The pigmented forms have been confused 
until recently with N. distinctoidea Hungerford, being about the 
same size and color. The presence of the large hook on the anterior 
trochanter of the male and the penultimate abdominal sternite of 
female notched, separate this species from N. distinctoidea Hunger- 
ford. 

N otes on Distribution, Described from Mexico. Paris Museum 
has a series of dark forms labeled “Etat Jalisco, L. Diguet 1903.” I 
have specimens labeled: 'TO miles N. E. Leon Quanajuato, Mex. 
Aug. 17, 1932, Hobart Smith”; my N. distincta type is labeled "Co- 
inondu, Lower Calif. Chas. D. Haines, March, 1889.” The two 
specimens I recognize as the luteous form of this species are labeled 
‘‘Las Parras, Baja, Calif., W, M. Mann.” 

Notonecta ochrothoe^ Kirkaldy, 1897 

1807. iV. sJwotcrii var. ochrothoe Kirkaldy, Trans. Ento. Soc. London for 1897, p. 407. 

1905. A^ ahooterii var. ochrothoe Kirkaldy; Bueno, Jl. N. Y. Ento. Soc., XIII, p. 161. 

Size. Length, 10.8 mm. to 11,4 mm.; width of pronotum, 4 mm. 
to 4.4 mm. 

Color. Only the luteous form known to me, and this is pale 
luteous. 

Structural Characteristics. Anterior outline of head, viewed from 
above, convex; vertex usually shorter than its anterior width; mar- 
gin of vertex less convex than margin of the eye; anterior breadth 
of vertex : synthlipsis :: 3:2. Pronotum not markedly declivant; 
pronotum more than twice length of head; lateral margins slightly 
divergent and nearly straight; anterolateral angles acute and em- 
bracing the eyes; lateral ledge, as seen from the side, nearly straight, 
about as long as rear margin of the eye beneath. Scutellum shorter 
than pronotum. Posterior lobe of membrane reduced. Anterior 
trochanter of male with stout hook and tuberculate projection on 
basal angle, Mesotrochanter rounded. The penultimate abdominal 
sternite of female broadly triangular, tip incised and projecting 
upon the base of the last sternite, which is not notched at tip. 


* Kirkaldy, 1904, in his Uber Notonectid^n, Wien. Eht. Ziet., XXIII, and in his Catalogue 
Proc. Ent. Soc. Wash., X, appears to have dropped this variety. Nevertheless I find a male 
in the Paris Museum from "Colombie’* labeled this species by Kirkald.v, and since it is not 
N. shooterii IJhler, I make it the type and raise his variety to specific rank. 
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Female gonapophyses short. Male genital capsule shaped much 
like N. melaena Kirk, but with a thickened protuberance on keel. 

Location of Type. In Paris Museum. 

Comparative Notes. Differs from luteous form of N. melaena 
Kirkaldy by less declivant pronotmn and by the thickened pro- 
tuberance on the keel of the male genital capsule. 

Data on Distribution. Colombia, S. A., and the following: ''San 
Cristobel M. F. 3-7-1929''; San Diego Co., Calif., Doway VaL, 4-9, 
1930, C. and D. Martin. 

Notonecta repanda new species 

(Text figure 7) 

Ske. Length, 11.7 mm. to 13.8 mm.; width of pronotum, 4 mm. to 
4.8 mm. 

Color. Color markings as in N. shooteri IJhler. 

Structural Characteristics. Anteidor outline of head, viewed from 
above, less convex than in N. shooteri Uhler; vertex shorter than 
its anterior width ; margin of veidex usually less convex than margin 
of the eye; anterior breadth of vertex : synthlipsis : : 3:2. Pronotum 
less than twice the length of the head; lateral margins slightly di- 
vergent and straight to slightly convex, more divergent, of course, in 
the dark forms; anterior angles acute and closely embracing the 
eyes; lateral ledge, as seen from the side, nearly straight throughout 
and as long or longer than the rear margin of the eye below it; 
anterior end of lateral ledge of pronotum broadly flattened, the 
ledge plainly wider beneath than the diameter of the second antennal 
segment. Scutellum short as in N. shooteri Uhler. The color forms 
as in N. shooteri Uhler. Trochanters the same. The penultimate 
abdominal sternite of female broadly triangular, the apex broader 
than in Uhler's species, but projecting upon last sternite, whicli is 
not notched at tip. Female gonapophyses short. Male capsule not 
elongate but compact much as in N. melaeyia. 

Location of Type, In the Francis Huntington Snow Entomolog- 
* ical Museum of the University of Kansas. Described from 35 speci- 
mens labeled: ''Cochise Co., Arizona, July 29, 1927, P. A. Readio, 
R. H. Beamer, L. D. Anderson.” 

Comparative Notes. This species has the appearance of N. 
shooteri Uhler, but the lateral ledge of the pronotum is more ex- 
planate, the genital capsules of males different and the penultimate 
abdominal sternite of female broader in the portion that overlaps 
the last segment. 
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Data on Distribution; 

Awzona: Cochise Co., July 29, 1927 (type series); Baboquivari Mts., July 
18, 1932, R. H. Beanier; Douglas, Aug., San Bernardino Ranch, 3,750 feet, 
F. H. Snow. 

Mfaico: D. F. Texoco Sea, Jan. 31, 1926, A. Dampf.; Mexico D. F., Apr. 
22, 1910; D. Fedrl. L. Conradt (U. S. N. M.); Xochimilco Lake, near Mexico 
City, June 2, 1926, A. Dampf. 



N. repanda N shooteri 

Thxt Fiour® 7. Notonecta repanda Hungerford and Notonecta shooteri Uhler. 
Underside of abdomen of females. (Subgenus BichroraoneiJta.) 


Notonecta shooteri Uhler, 1894 

(Color Plate X, fig. 6; Plate XIII, fig. 8, Text fig. 7) 

189'1. N, shooterii Uhler; Proc, Calif. Acad. Sci. (2), iv, p. 292, 

1807, N. shootarii Uhler; Kirkaldy, Trans. Ento. Soc. London for 1897, p. 406 (in part). 
1001, N. shooteru Uhler; Champion, Biol. Centr. Amer., Hem.-Het. II, p. 370 (in part). 
1004, y. shooterii Uhler; Kirkaldy, Wien. Ento. Zeit., xxiii, pp. 94 and 132. 

1905. N. shaotmi t.Thler; Bueno, Jl. N. Y. Ento. Soc., xiii, p. 161. 

1900. N. skootmi Uhler; Kirkaldy Bueno, Proc. Ent. Soc. Wash., x, p. 199, 

1916. N. shooteri Uhler; Bi'owne, Jl. Morph., xxvii, p. 129 (Cytology). 

1917. N. shooterii Uhler; Van Duzee, Catalog Hemipt., p. 463 (in part). 

1018. N, shooterii nhUit; Hungerford, Ento. News, xxix, p. 245, pt. xv, fig. 8. (Ovipositor.) 
1919. y. shootmi Uhler; Hungerford, Kans. Univ. Sci. Bull., xi, pp. 168, 172, 181, 312, 
381; pL xxiii, fig. 8, pi. xxxi, fig. 6. 

1922. y. shooterii Uhler; Hungerford, Kans. Univ. Sci. Bull, xiv, p. 426. 

1923. y. shooterii Uhler; Bueno & Hussey, Bull. Brookl. Ent. Soc., xviii, p. 106. 

1924. y. shooterii Uhler; Hale, Proc. Lin. Soc. N, S. Wales, xlix, pt. 4, p. 462. 

1928. N, shaaterii Uhler; Hungerford, Annals Ento. Soc, Anier., xxi, p. 143; pi. ix, fig. 5. 
(Anterior trochanter of male.) 

1928. y. shooterii Uhler; Hungerford, Can. Ento., lx, p. 76. 

1929. y. shooterii Uhler; Hutchinson, Annals S. Afr. Mus., xxv, pt. iii, p. 364. 

Size. Length, 11.7 mm. to 13.5 mm.; width of pronotum, 4.4 mm. 
to 4.8 mm. 

Color. A bichromatic species. One form pale luteous with or 
8-^3482 
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without a submarginal stripe and one or two elongate triangular 
brown spots on corium. The other form dark, with black sciitellum 
and brown hemelytra, which are streaked and spotted with pale 
luteous, the pale markings being a broad sti'eak on claviis, a trans- 
verse irregular spot at end of basal third of corium, a spot at distal 
end of corium and another on anterior lobe of membrane. The 
posterior lobe of membrane may be pale to nearly black. The 
abdominal venter luteous with brown inaculations in both color 
phases. Face, limbs and connexivum may be yellowish or suffused 
with green. 

Structural Characteristics. Anterior outline of head, view’^ed from 
above, convex; vertex usually longer or subequal to its anterior 
width; margin of vertex more convex than mai^gin of the eye; an- 
terior breadth of vertex : synthlipsis :: 9.3: 5.5. Inner margins of 
eyes slightly concave. Pronotum usually less than twice the length 
of the head; lateral margins slightly divergent and straight to 
slightly convex; anterolateral angles acute and closely embracing 
the eyes; lateral ledge, as seen from the side, straight in front, un- 
dulate behind, shorter than the rear margin of the eye below it, and 
nearly horizontal. Scutellum short, about as long as pronotum and 
shorter than ridges of hemelytral commissure. Anterior lobe of 
membrane much longer and more developed than the posterior lobe 
in luteous phase and plainly longer in the dark phase. The luteous 
forms, besides the reduced posterior lobe of hemelytra, have the 
flight wings reduced, and this is accompanied by a reduction in the 
prominence of the humeri and in the size of the scutellum. The 
reduced humeri cause the lateral margins of the pronotum to appear 
more nearly parallel Anterior trochanters of the males with broad, 
stout hook in usual position and in addition a tuberculate projection 
on basal angle (see plate IX, fig. 4) . Mesotrochanter rounded. The 
penultimate abdominal sternite of female elongate triangular, the 
sides converging caiidally, tip incised and projecting upon the base 
of last sternite, which is not notched at tip. Female gonapopliyses 
(first pair) short. Male genital capsule as shown on Plate XIII. 

Location of Type. In the Uhler collection at the U. S. N. M., 
Washington, D. C. The type series wms found near San Diego, 
California, on October 19, by Mr. Shooter, for whom Doctor Uhler 
named the species. The spelling of the name might have been 
N. shooteri. 

Comparative Notes. This species is typical of a group that have 
the large, stout hook on anterior trochanters of the males and fe- 
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inalesj with the penultimate sternite elongate triangular, thus in- 
terniediate between the N, mexicana A. & S. series and the N. un~ 
dulata Say group. The males readily recognized by the elongate 
portion of tlie capsule behind the keel protuberence. 

Data on Distribution. The group as a whole ranges from Cali- 
fornia to Colombia, S. A., but the species N. shooteri Uhler appears 
to be restricted to California. I have the following records: 

Gaufokkia: Marin Co., Aug. 3, 1929, L. D. Anderson; Winters, Aug. 0, 1929, 
L. D. Anderson; Campo, Laguna Mts., Aug. 25, 1932, H. W. Capps; Fresno, 
June 20, 1926, C. J. Drake; Laguna Beach, C, T. Dodds; Los Angeles (Uhler 
ColL); San Diego, Oct. 19, Mr. Shooter (Uhler Coll.). 

“Viti-Ins’’: Distant coll. 1911-383 (British Mus.). 

Notonecta uhleri Kirkaldy, 1897 

(Color Plate III, fig. 9 ; Plate NIII, fig. 10) 

1807. N. uhleri Kirkaldy, Annals & Mag. Nat. Hist., ser. 6, xx, p. 58. 

1807. N. uhleri liirkaldy, Trans. Ento Soc. London, 1897, p. 415. 

1902, iV. uhleri Kirkaldy; Bueno, Jl. N. Y. Ento. Soc., x, pp. 231, 235. 

1904. N. uhleri Kirkaldy, Wien. Ento. Zeit, xxiii, p. 132. 

1905. N. uhleri Kirkaldy; Bueno, Jl. N. Y. Ento. Soc., xiii, pp. 46 and 157, pL vii, 
fig. 4. 

1906. N. uhleri Kirkaldy; Bueno and Brimley, Ento. News, xviii, p. 436. 

1909. N. uhleri Kirkaldy and Bueno, Proc. Ento. Soc. Washington, x, No. 3-4, p. 199. 
(Cat. of Am. Aquatic & Semiaquatio Hemiptera.) 

1910. N. uhleri lOrkaldy; Smith, Cat. Ins. N. J., edn. 3, p. 169. 

1914. N. uhleri Kirkaldy; Barber, Bull. Am. Mus. Nat. Hist., xxxiii, p. 499. 

1917. N, uhleri Kirkaldy; Parshley, Occasional Papers of the Boston Society of Natural 
History, vii, p. 112. 

1917. N. uhleri Kirkaldy; Van Duzee, Catalog of Hemiptera, p. 451. 

1918. V. uhleri Kirkaldy; Hungerford, Ento. News, xxix, p. 245, PI. xv, fig. 10. 

1019. N. uhleri Kirkaldy; Hungerford, Kans. Univ. Sci. Bull., xi, pp. 167, 170, ISO, 

181, 312, 331; PI. xxiii, fig. 10. 

1923. N. uhleri Kirkaldy; Bueno, Conn. State Geol. & Nat. Hist. Survey Bull. No. 
34, p. 406. 

1923, N, uhleri Kirkaldy; Hungerford, Kansas Univ. Sci. Bull., xiv, p. 426. (Mention 
only). 

1920. N. uhleri Kirkaldy; Blatchley, Heteroptera of Eastern North America, p. 1055. 

1920. N. uhleri Ilirkaldy; Leonard, Cornell Univ. Agri. Exp. Sta. Memoir 101, p. 138, 
(Apr, to Nov.) 

1928. N. uhleri Kirkaldy: Hungerford, Ento. News, xxxix, p. 156. 

Size. Length, 10 mm. to 12 mm.; width across pronotum, 3,3 mm. 
to 4 mm. The males usually smaller than the females. 

Shape. The males at least are slender. 

Color. Orange to brick red and black. Anterior half of pronotum, 
head, limbs and underside of connexivum of usual color or a little 
darker and sometimes greenish; a dark linear longitudinal band 
usually present on pronotum behind the caudolateral margin of the 
eye. Scutellum black. Hemelytra orange to brick red; corium 
crossed by broad, irregular black band extending from near tip of 
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clavus to costal margin. Posterior lobe, at least of membrane, dark, 
and both lobes crossed by black or nearly black band that often 
covers the lobes to their tips and sometimes darkens entire mem- 
brane. The hemelytra usually clothed with silvery hairs that are 
more pronounced on the corium ; a few such hairs may also be seen 
on scutellum. The venter is dark. 

Structural Characteristics, Anterior outline of the head, as seen 
from above, slightly convex; vertex longer than its anterior width 
and ^^shaped like an inverted wine-decanter”; anterior margin 
of vertex shorter than the frontal margin of an eye; the anterior 
breadth of vertex : synthlipsis :: 6 or8:l; the eyes at synthlipsis 
often nearly contiguous and their inner margins curved. Head 
shorter than length of pronotum. Lateral margins of pronotum 
strongly divergent and moderately concave ; anterior angles normal ; 
lateral ledge, as seen from the side, curved (convex above), oblique 
and plainly shorter than the rear margin of the eye below it. The 
scutellum plainly longer than the pronotum and also longer than 
the ridge of the hemelytral suture. Lobes of membrane subequal, 
the anterior lobe sometimes slightly longer. Anterior trochanter 
of the male with a slight tubercle in place of a hook.' Mesotro- 
chanter right- angulate or slightly produced. Terminal abdominal 
sternite of female carinate and slightly notched at tip ; the first pair 
of gonapophyses short. The male genital capsule as shown on Plate 
XIII, fig. 10, 

Location of Type. In the P. R. Uhler collection at the IJ. S. N. 
Museum. 

Comparative Notes. The small size, the reddish and black color 
and the very narrow synthlipsis readily distinguish this species. 

Data on Distribution. A Uhler specimen is labeled ^'Stony Run, 
Pa.” “Among grass in water,” In the Paris Museum I found a 
specimen compared with type by Kirkaldy labeled “Mus. Paris, 
Xeue Orleans, Coll. Guerin Menev. ex. coll A. Salle, 1897.” The 
British Museum has specimens from Mass. The Uhler collection 
from Florida and Massachusetts. Bueno reports it from New York, 
■Washington, D. C,, New Jersey and Louisiana. Doctor Drake took 
it at Gainesville, Florida, Doctor Blatchley adds: Marjdand, North 
Carolina and southern Illinois. There are specimens in the Uni- 
versity of Kansas collection labeled as follows: “Boardman, N. C., 
Sept. 21, 1915, R. W. Leiby”; “Raleigh, N. C., Oct. 16, 1905, C. S. 
Brimley”; “Florence, S. 0., July 2, 1930, D, Dunavan (Clemson 
College Coll.);” “Putnam Co., N. Y.”; “Leland, Miss., 9-14-21”; 
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^^Baker Co., Ga., Oct. 23, 1927, C. H. Martin”; “Prattsbxirg, Ga., 
7-25-1930, R. H. Beamer”; ^^Hilliard, Fla., 8-31-30, Paul W. Oman”; 
“Njorfolk, Va., 8-15-28, G. E. Gould;” also '"Oct. 1, 1932, L. D. An- 
derson; Annapolis, Md., Sept. 18, 1932, Paul Oman.” 

Thus N, uhleri Kirkaldy has been taken in the following states: 
Mass., New Jersey, Pa., N. Y., Md., Va., Dist. of Columbia, III, 
N. Carolina, La., Ga., Fla., Miss. The range, so far as we know it, 
extends, therefore, from Massachusetts south to Florida and west- 
ward to the Mississippi river. 

Notonecta raleighi Bueno, 1907 

(Color Plate i; fig. 7 ; Plate XIII, fig. 6) 

1907. N, raleighi Bueno, Can. Ento. xxxix, p. 225. 

1907. N. raleighi Bueno and Brimley, Ento. News, xviii, p. 436. (Peb. to Nov. in N. 
Carolina,) 

1909. N. raleighi Bueno; Kirkaldy & Bueno, Proc. Ento. Soc. Wash., x, p. 199. 

1910. N. raleighi Bueno; Smith, Catalog Ins. N. J., edn. 3, p. 169. 

1917. N. raleighi Bueno; VanDuzee, Catalog Hemip., p. 452. 

1918. A'', raleighi Bueno; Himgerford, Ento, News, xxix, p. 245, pi. xv, fig. 2. (Pig. 
of ovipositor.) 

1919. N. raleighi Bueno; Hungerford, Kans. Univ. Sci. Bull., xi, pp. 107, 169, 181, 239, 
831; pi. xxiii, fig. 2. 

1923. N. raleighi Bueno; Conn. St. Geol. <& Nat. Hist. Survey Bull. No. xxxiv, pp, 
404-405. 

1925, N. raleighi Bueno; Hungerford & Beamer, Ento. News, xxxvi, p. 297. 

1926. N. raleighi Bueno; Leonard, Cornell Univ. Agri. Exp. Sta. Memoir 101, p. 139. 
(March, White Plains, N. Y. det. Bueno.) 

1926. N. raleighi Bueno; Blatchley, Heteroptera . . . p. 1055. 

1980. N. raleighi Bueno; Hungerford, Bull. Brookl. Ento. Soc., xxv, p. 140. 

Referring to this species, also: 

Probably some specimens prior to 1907 were included under 
N, variabilis Fieber in error. 

Size, Ijength, 8 mm. to 8.9 mm.; width of pronotum, 2.5 mm. to 
2.9 mm. 

Color. A pale species that may be pale yellowish throughout or 
with scutellum black save for lateral margins and hemelytra more 
or less smudged with black. Bueno says: ^‘Scutellum ranges from 
pure light yellowish to black, disk margined with smoky orange- 
yellow on hemelytral margins. Hemelytra ranging from white with 
vague beginnings of the corial -fasciae and black humeri with white 
membrane, through all intergrades to a form with a blackish stripe 
along the anterior margin of the coriiim; black margins to the clavus 
along the scutellar edges ; a black streak along the corium near to 
and parallel to the claval suture; black corial fascise merging into 
the black membrane which shade off into smoky and then white 
at apex. One of the types is the most pronouncedly melanic sped- 
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men of the species in a series of sixty or so specimens. In this 
the extreme of scutellar darkness with orange-red edges obtains. 
The external edges of the clavus are broadly black, shading into 
smoky to the corial suture; the dark band on the corium parallel to 
this suture is broad; the humerus has a black streak running into 
the corium, which is dark luteous, except for the black fascise which 
coalesce with the black membrane, which in turn lightens to smoky 
at the apex.^’ 

Structural Characteristics. Our smallest North American species. 
Anterior outline of head somewhat rounded, vertex and eyes in 
nearly an even curve: vertex slightly longer than its anterior width; 
anterior margin of vertex about equal to the frontal margin of the 
eye. Anterior breadth of vertex : synthlipsis : : 5:1, often less. Syn- 
thlipsis usually less than one-fourth the width of the eye. Pronotum 
two- to four-tenths longer than the head, lateral margins straight, 
divergent, anterior angles normal to slightly embracing the eyes, 
lateral ledge a little bowed and oblique as seen from the side. Mem- 
brane lobes subequal. Anterior trochanters of male with minute 
hook; mesotrochanter right angulate to acutely angulate (one speci- 
men with rounded trochanter). Terminal abdominal sternite of 
female incised at tip, male genital capsule as shown on Plate XIII. 

Location of Types. Described from sixteen specimens from 
Raleigh, N. C. Types: Collections TJ, S. National Museum, Ameri- 
can Museum of Natural History, C. S. Brimley and Bueno. 

Comparative Notes. Although this species was described as hav- 
ing ^^^ertex more than six times as wide as synthlipsis,” I have seen 
no specimens with such a narrow synthlipsis. Many specimens from 
the type locality, some determined by Bueno, have cornc under my 
observations. In my ^‘Biology of Aquatic, and Semiaquatic Hemip- 
tera” I separated this species from N. variabilis (now N. hinata) as 


follows: 

“Vertex 3 times sjmthlipsis N. vanabilts. 

Vertex 6 times synthlipsis N. raleighi.” 


I took these statements from the literature, and Doctor Blatchley, 
in his /‘Heteroptera,” ^ used the same statements. The problem of 
separating these species is by no means so simple. After studying 
much material involving an examination of all specific characters 
known to me I must confess my failure to find definite distinctive 
characters. All gradations appear to occur. The male genitalia 
are not clearly distinguishable. Typical specimens of N. raleighi 
Bueno are smaller and synthlipsis is narrower than in the form we 
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know as iV. hmata Hungerford. The latter appear to be the common 
iorni in New \ork state and in Michigan, while the former is more 
southern in distribution. 

Notonecta lunata Hungerford, 1926 

(Color Plate I, fig. 5 ; Plate XIII, fig. 5) 

192(;. N. lunata Hungerford, Psyche, xxxiii, p. 12, (new name for N. variabilis macvlata 
Fieb,). 

1926. iV. lunata Hungerford, Bull. Brooklyn Ento. Soc., xxi, p. 195. 

1928. N, lunata Hungerford, Annals Ento. Soc. Amer., xxi, p. 143. 

1930. N. lunata Hungerford, Bull. Brooklyn Ento. Soc., xxv, p. 140. 

Referring to this species, also: 

1851. A'', variabilis var. maculata Fieber, Rhynchotographieen, p. 477. 

18.51. N. variabilis var. maculata Fieber, Rhynchotographien, p. 63 (Van Duzee). 

1878. N. undulafa Uhler. Proc. Boston Soc. Nat. Hist., xix, p. 442 (var. S). 

1885. A’', undulata Uhler, Stand. Nat. Hist., II, p. 252 (in part). 

1807. N. variabilis Kirkaldy, Trans. Ento. Soc. London for 1897, p. 414 (the N. A. 
forms). 

1899. N, americana Ashmead, Smiths Ins. N, J., p. 144 (Bueno). 

1901. N. variabilis Champion, Biol. Centr. Amer. Hem.-Het., 11, p. 370. 

1902. N". variabilis, Bueno, Jl. N. Y. Ento. Soc., x, pp. 231 and 234. 

1904. N. imriahilis Kirkaldy, IVien. Ento. Zeit., xxiii, p. 95 (in part). 

1905. N. variabilk Bueno, Jl. N. Y. Ento. Soc., xiii, pp. 45 and 156. 

1908. N, variabilis Bueno, JL N. Y. Ento. Soc., xvi, p. 238. 

1900. N. variabilis Kirkaldy and Bueno, Proc., Ento. Soc. Wash., x, p. 199 (in part). 

1910. N. variabilis Smith, Catalog Ins, N. J., edn. 3, p. 169. 

1910. AT, variabilis Bueno and Brimley, Ento. News, xviii, p. 435. 

1912, A", variabilis Bueno, Can. Ento., xliv, p. 213. 

1914. AT, variabilis Parshley, Psyche, xxi, p. 140. (Apr. to Sept, in Maine.) 

1914. N, variabilis Barber, Bull. Am. Mus. Nat. Hist., xxxiii, p. 499 (Florida). 

1917. N. variabilis Hungerford, Ento. News, xxviii, p. 267. 

1917. AL variabilis, Parshley, Occ. Papers of Boston Soc. Nat. Hist., vii, p, 112. 

1917. N. variabilis Van Duzee, Catalog Hem., p. 461. 

1918. N. variabilis Hungerford, Ento. News, xxix, pp. 242, 243, 245; PL xv, fig. 4 
(Ovipositor). 

1919. N, variabilis Hungerford. Kans. Univ. Sci. Bull., xi, pp. 22, 167, 169, 170, 180, 
181, 186, 187, 193; PL viii fig. 4; PL xix, figs. 1, 5, 8, 11, IS; PL xxiii, fig. 4. 

1919. TV. variabilis Hungerford, Kans. Univ. Sci, Bull., xi, pp. 331, 332; PL xxxi, fig. II 
(male genital caiisule). 

1923. N, variahiHs Bueno, Conn. St. GeoL and Nat. Hist. Survey Bull., No. 34, pp. 404, 
405; PL xvi, fig. 5, (May to Oct.) 

1925 N. variaMUs, Hungerford, and Beamer, Ento. News, xxxvi, pp. 264 and 297. 

1926, iV. variabilis Leonard, Cornell Univ. Agri. Exp. Sta., Memoir 101, p. 139. (Mar. 
to N<n'.:) 

Size. Length, 8.5 mm., to 10.7 mm.; width of pronotum, 2.8 mm. 
to 3.5 mm. 

Color. A pale species from nearly white to yellowish with scu- 
tellum nearly always yellowish. Head, pronotum and limbs often 
greenish. Hemelytra only occasionally with a smoky band in corium 
and a spot near tip of corium. 

Structural Characteristics. Difliicult to distinguish from N. raleighi 
Bueno. Vertex slightly shorter than anterior width ; anterior margin 
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of vertex slightly longer than frontal margin of the eye; anterior 
breadth of vertex : synthlipsis :: 3:1; synthlipsis usually about a 
third the width of an eye. Pronotum four- to six-tenths longer than 
the head; lateral margins nearly straight, divergent; anterior angles 
normal, lateral ledge nearly straight and oblique as seen from the 
side. Membrane lobes about equal, anterior lobe may be trifle 
longer. Anterior trochanters of male with the usual small hook, 
mesotrachanters acutely angulate, terminal abdominal sternite of 
female incised at tip. Male genital capsule as in N, raleighi Bueno. 
(See plate XIII, fig. 5.) 

Location of Type. N. lunata was a name proposed to replace 
the name N. variabilis var. maculata Fieber, a name previously 
used. I have not been able to find any specimens from Baltimore 
in the Berlin Museum that might have been studied by Fieber. 
Whether Fieber had N, raleighi Bueno or N. lunata Hungerford is 
impossible to determine. By general consent both were called N. 
variabilis until Bueno described N. raleighi^ leaving the larger 
forms to be called N, variabilis. As I have pointed out, N. variabilis 
Fieb. must be a South American form. 

I have labeled a series of insects from Ithaca, N. Y., as typical 
of N. lunata Hungerford. They are in the Francis Huntington Snow 
collection at the University of Kansas. 

Data on Distribution. The following records have been furnished 
by G. S. Walley, who has kindly determined the specimens in the 
Ottawa collection and given me the data: 

Canada 

New Burnswiciv: Ludlow, July 7, 1928; W. J. Brown. 

Quebec: Fairy Lake, Hull, May 3-17, 1927, G. S. Walley; May 16, 1928, 
W. J. Brown; Sept. 11, 1928, G. S. Walley. Knowlton, Aug. 12, 1929, G. S. 
Walley. Missisquoi Bay, July 11, 1927, G. S. Walley. Brome Lake, July 8, 
1927, G. S. Walley. 

Ontario: Black Rapids, Ottawa, Apr. 27, May 11, 1927, G. S. Walley. Jock 
River, Ottawa, Apr. 20, May 21, Aug. 25, 1927, G. S. Walley. Britannia, Aug. 
21, 1927, W. J. Brown. Ventnor, Aug. 5, Sept. 1, 1928, J. A. Adams. Chesley 
Lake, Aug. 23, 1928, G. S. Walley. Arran Lake, June 20, 1921, G. S. Walley. 
Southampton, Sept. 13, 1927, G. S. Walley. Dundas, May 31, 1931, G. S. 
Walley. Pt. Pelee, June 3, 6, 1929, G. S. Walley and L. J. Milne. Leamington, 
July 6, 1931, G. S. Walley. 
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N otonecta unifasciata unifasdata Guerin, 1857 

(Color Plate I, fig, 12; Plate XIV, figs. 1, 2, 3.) 

1857. N, vnifasciata Gu^rin-Meneville, Le Moniteur Universel, 26 Nov., 1857, Numero 
330, p. 1298. 

1857. N, unifusciatCL Guerin -Meneville, Revue et Magasin de Zoologie, 2d ser., Tom. ix, 
pp. 622-527. 

1858. N. umfnmiata Guerin- Meneville, LTllustration, Tom. xxxii, p. 47, Juillet 17,1858. 

1858. N. untfm^ciata Guerin- Meneville, Comptes Rendus, Nov. 23, 1S57, p. 865. (From 

Annals & Mag. ref. below.) 

1858. iV. unijandata Gu&in-MeneviUe, Annals and Mag. of Nat. Hist. (3), I, p. 79. 
(Eng. review.) 

1868. iV. unifasciata Gu^rin-Meneville, Bull. Soc. Zool. Acclim. iv, p. 581, 1857. 

1858. N. unifaciata Guerin- Meneville, Bull. Soc. Ento. Fr. (3) v, pp. cxiviii - cli, 

1897. N. unifasciata Guerin; Kirkaldy, Trans. Ento. Soc. London for 1897, p. 426. (Says 
unknown to him.) 

1898. N. unifasciata Guerin; Kirkaldy, Ento. Mon. Mag. (2) ix (Old ser., vol. xxxiv), 
p. 173. (Says: “doubtless N. americana Fabr.) 

1899. N. unifasciata Gu5rin; Kirkaldy, Ento., xxxii, (Says = N. undulata Say.) 

1917. N. unifasciata Guerin; Hungerford, Ento. News, xxviii, p. 181. 

1929. N. unifasciata Gu5rin; Hungerford, Pan Pacific Ento., vi, No. 2, pp. 73-77. (Re- 
port on the type.) 

1930. N. unifasciata Guerin; Hungerford, Can. Ento., Ixii, p. 218. 

1980. JV. unifasciata Gu6rm; Hungerford, Bull. Brooklyn Ento. Soc., xxv, p. 139. 

1933. N. uuifasckita Guerin; Ancona, Annies del Inst, de Biol. IV, p. 68. (Mexico.) 

Referring to this species, also: 

1897. iV. americana Kirkaldy, Trans. Ento. Soc. London for 1897, p. 409. (In part: 
Spec. Det. by him in Vienna and Paris.) 

1899. iV. americana Kirkaldy, Revue d’Entomologie, xviii, p. 94 (Desc. of egg). 

1900. N. indica Kirkaldy, Ento., xxxiii, p. 10. 

1901. N. undulata Champion, Biol. Centr. Amer., Hem.-Het., ii, p. 370 (in part). 

1904. N. indica Kirkaldy, Wien, Ento. Zeit., xxiii, p. 95. 

1906. N. indica Bueno, Jl. N. Y. Ento. Soc., xiii, pp. 149, 151 ; pi. vii, fig. 1. 

1906. N. indica Snow, Trans. Kans. Acad Sci., xx, pt. 1, p. 181. 

1909. iV*. indica Kirkaldy & Bueno, Proc. Ento. Soc. Wash., x, p. 198. 

1916. N. indica Browne, Jl. Morph., xxvii, pp. 119-162. (Cllytology.) 

1917. N. indica Van Dussee, Catalogue Hemipt., p. 452. 

1917. N. indica Hungerford, Ento. News, xxviii, p. 175. 

1918. N*. indica Hungerford, Ento, News, xxix, pp. 243, 245; pi. xv, fig. 11. 

1919. N. indica Hungerford, TJniv. Kans. Sci. Bull., xi, pp. 167, 168, 181, 332; pi. xxiii, 
fig. II, (Ovipositor) ifi. xxxi, fig. 6. 

1928. N. indica Hungerford, Ento. News, xxxix, p. 156. 

Size. Length, 9.3 mm. to 10.2 mm.; width of pronotum, 3.3 mm. 
to 3.6 mm. 

Color. Typically black and white. Scutellum black with lateral 
margins flavous. Hemelytra white with black markings; clavus 
often black along inner margin and apex; distal end of corium and 
basal two-thirds of membrane crossed by solid black band. 

Structural Characteristics. Anterior outline of head, as seen from 
above, somewhat flattened; vertex shorter than its anterior width; 
anterior margin of vertex less convex and longer than frontal margin 
of an eye; anterior breadth of vertex : synthlipsis : : 5:3. Pronotum 
slightly more than twice as long as the head; lateral margins nearly 
straight and moderately divergent; anterior angles somewhat acute 
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and embracing the eyes; lateral ledge oblique. Anterior lobe of 
membrane longer than the posterior. Anterior trochanter of male 
with inedinm-sized hook. Mesotrochanters angulate. Terminal 
abdominal sternite of female relatively broad and not plainly 
notched at tip. Female gonapophyses short. Male genital capsule 
as shown on Plate XIV. 

Location of Types. Museum of Paris. Kirkaldy in his ^^Revision” 
listed the species as an “Unrecognized species/^ but I found the types 
in the Paris Museum in a box prepared by Guerin labeled “Hautle.” 
For a full report of this discovery see my paper in the Pan-Pacific 
Entomologist, volume VI, p. 73, 1929. 

Comparative Notes. In general facies this is a characteristic 
species. The head is quite short, the black scutellum is margined 
with flavous and the mesotrochanter is angulate. There is some 
variation in the shape of the head, in the angle of the mesotrochanter 
and in the male claspers. The material from the type locality (near 
the city of Mexico), from Guadalupe, D. F. Mex., Socorro, N. M., 
and some specimens from Southern California, while showing some 
variation in the male claspers, appear to be N. unifasciata Guerin. 
The variations mentioned above make it necessary to designate sub- 
species as follows: 

Notonecta unifasciata cochisiana new subsp. 

This subspecies conforms to the general description of the species, 
but has a very characteristic male clasper that separates it from the 
typical N. unifasciata Guerin, see Plate XIV, fig. 5. Sixty specimens 
from Cochise Co., Arizona, represent the type series of this sub- 
species. 

Notonecta unifasciata andersoni new vsubsp. 

In this subspecies the anterior margin of vertex is more rounded 
and the clasper longer than in typical N. unifasciata Guerin. See 
Plate XIV, fig. 6. This is a smaller species than N. spinosa Hunger- 
ford, and although the shape of the head is somewhat like it the 
mesotrochanter does not have the long spine-like projection of the 
mesotrochanter so characteristic of N. spinosa. The type series was 
taken at Oliver, B. C. Material collected in Navajo, Ariz.; Carson 
City, Nevada; Lehi and Am. Forks, Utah; and Hot Lake, Oi'egon, 
shows a gradation away from the typical N. unifasciata Guerin. 
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Notonecta unifasdata angulata new subsp. 

This subspecies conforms in general shape and appearance with 
tlie typical species, but the clasper of the male is stouter than any 
of the others. (See PL XIV, fig. 4.) The vertex of the female is 
more rounded. The mesotrochanter is angulate but not as produced. 
This subspecies is described from one male and one female in the 
Uhler Collection. The specimens bear the label ^Xirkaldj^, S. 
Amer.’’ 

Biological Notes. This species was described from a measure of 
dried insects offered for sale in Mexico as food. It formed part of 
a mixture of water bugs consisting largely of Corixids of two or 
three species, one of which Guerin described as new at the time he 
described this Notonectid. Collections of eggs of Corixids gathered 
and offered for food nearly always contain some eggs of this back- 
swimmer. C. T. Brues took this species and its nymphs from water 
having a temperature of 97.3° F. He took it from a number of hot 
springs Avith temperatures of 85° F. and above. 

Data on Distribution. This species (broad sense) is widely dis- 
tributed from Mexico, across Western United States to Western 
Canada. Two specimens labeled t'S. Amer.^^ in the Uhler collection 
appear to be a subspecies of N. unifasdata Guerin. 

Mexico 

D. F. Texcoco Lake, Oct. 21, 1923, Jan. 31, 1926, Alf. Dampf; Ahuatle from 
Lake Texcoco, L. Ancona H., 9-1-1932; Guadalupe, D. F., Aug. 31, 1903, W.L. 
Tower; B, F. Lago de Texcoco, May 14, 1930, Creaser-Gordon, (Midi. U.) 

United States 

Texas: Presidio Co., July 16, 1927, P. A. Eeadio; Valentine, July 13, 1927, 
E. H. Beanier. 

New' Mexico: Torrance Co., Sept. 10, 1925, C. H. Martin; Estancia, Sept. 
6, 1925, C. H. Martin; Socorro Co., Aug. 18, 1927, R. H. Beamer. 

Arizona: Douglas, Aug., P, H. Snow; Navajo Co., Aug. 15, 1927, R. H. 
Beamer; Apache Co., Aug. 16, 1927, E. H. Beamer; Maricopa Co., Aug. 7, 

1929, L. D. Anderson; Cochise Co., July 20, 1927, R. H. Beamer. 

California: L. Elsinore, Aug. 2, 1911; Los Angeles Co., Coquillett (U. S. 

N. M.) ; San Diego Co., Poway Val, Apr. 9, 1930, C. & D. Martin; Niles Can- 
yon, Alameda Co.; San Antonio Canyon, Ontario, July 25, 1907; Kelly Springs, 
bamby, C. T. Brues; Cedarville, 1930, C. T. Brues; Bassetts Hot Springs, 

1930, C. T. Brues. 

Nevada: Carson City, Aug. 9, 1929, Oman, Anderson and Beamer; Soda 
Lake, July 14, 1911; Fallon, Aug. 9, 1929, L. D. Anderson; 37 mi. s. of Battle 
Mts., Tem.30°C., C. T. Brues; Goldfield, Tern. 35.4"C., C. T. Brues; 29 mi. s. 
of Winnemucca, Tern. 36.3^C., C. T, Brues (nymphs also) ; Sunnyside, 1930, 
C. T. Bmes; Austin, Aug. 9, 1929, P. W. Oman. 
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Utah: Emery Co., Aug. 26, 1921, Grace Wiley; Garfield, July 9, 1911, Loco- 
motive Spgs., April 10, 1930, Grantsville, April 2, 1930, Pleasant Grove, April 
4, 1930, Lehi, April 4, 1930, American Fork, April 8, 1930, all by G. F. Knowl- 
ton; Farwest, Sept. 12, 1929, C. J. D. Brown; Tremonton, July 6, 1931, L, D. 
Anderson. 

Oregon: Hot Lake, Temp. 80^' F., July 13, 1931, L, D. Anderson; Board- 
man, July 15, 1931, L. D. Anderson; Hood River, July 17, 1931, L. D. Ander- 
son. 

Canada 

Oliver, B. C., Aug. 6, 1931, L. D. Anderson; Peachland, Oct. 7, 1931, A. N. 
Gartrell; Brent’s Lake, Summerland, Oct. 29, 1931, A. N. Gartrell; Vernon, 
June 21, 1921, R. Hopping; Penticton, Oct. 14, 1931, A. N. Gartrell; Westbank, 
April 21, 1932, A. N. Gartrell. (All but first in Ottawa Museum.) 

Notonecta spinosa Hungerford, 1930 

(Color Plate II, fig. 7 ; Plate XIV, fig. 7) 

1930. N. spinosa Hungerford, Can. Ento., Ixii, pp. 217, 218. 

Size. Length, about 12 mm., the females may be a little longer 
and the males a little shorter than this. Width of pronotum, 3.3 
mm. to 3,6 mm. 

Color. General color of N. undulata Say except that the black 
scutellum is broadly margined with orange-yellow. It is therefore 
a black and white species with venter dark to black ; the head, limbs 
and venter often suffused with green; dorsal view of head and an- 
terior part of pronotum pale horn in color, posterior part of pro- 
notum dark, due to black mesonotum beneath. Scutellum black, 
broadly margined with orange-yellow, the ends of this V-shaped 
figure slightly broader, not attaining the base of the scutellum. 
Hemelytra white with sooty black markings as follows: Small, dark, 
irregular blotch at base that may extend as narrow line to near the 
middle, one as a median dark line on the membrane; a zigzag M- 
shaped figure, which is thin, transversing hemelytra just in front of 
the membrane. 

Structural Characteinstics. Anterior outline of head, as seen from 
above, roundly curved; eyes not prominent; vertex with anterior 
width slightly greater than its length; anterior margin of vertex 
broadly rounded and wider than the frontal margin of an eye; 
anterior breadth of vertex : synthlipsis :: 2+ :1. Length of pro- 
notum: length of head :: lateral margins straight and diver- 

gent; anterior angles normal; lateral ledge oblique and shorter than 
the rear margin of the eye beneath it. Lobes of membrane about 
equal Anterior trochanter of male with a hook. Mesotro chanter 
with angle produced into a long, sharp spine. Terminal abdominal 
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sternite of female with broad, but very shallow, notch at tip. Fe- 
male gonapophyses (first pair) short. Male genital capsule as 
shown on Plate XIV. 

Location of Types. Holotype, allotype and some paratypes in 
Francis Huntington Snow Entomological Museum in the University 
of Kansas. Other paratypes in U. S. National Museum; Canadian 
National Collection, Ottawa, Canada; Mus. of California Academy 
of Science and Knowlton’s collection. Others have since been sent 
to Mr. Torre-Bueno, Mr. Esaki, the Paris Museum and the British 
Museum, 

Comparative Notes. Size and color as in N. undulata Say except 
that the scutellum is always margined with orange-yellow. The 
more produced front margin of the vertex, the spinose mesotro- 
chanter and the genitalia of both sexes separate it from Say^s species. 
It is larger than N. unifasdata Guer., has a narrower synthlipsis 
and a long spinose mesotrochanter instead of angulate or slightly 
produced process as in Gu&in's species. 

Data on Distribution: 

Canada 

British Columbia: Vernon, Sept. 26, 1919, W. Downes (Ottawa, Canada) ; 
Oliver, Aug. 6, 1931, L. D, Anderson. 

United States of America * 

Utah: Lehi, April 4, 5, 8 and May 3-27 1930, G. F. Knowlton; Logan, 
Oct. 1930, M. J. Jones; Hyde Park, April 19, 1930, G. F. Knowlton; Brigham, 
April 26, 1930, G. F. Knowlton; American Fork, May 3, 1930, G. F. Knowlton. 

Nevada: Carson City, Aug. 9, 1929, R. H, Beamer. 

Yellowstone National Park: Fry Pan L., Aug. 15, 1931, L. D. Anderson. 

Montana: Whitehall, Aug. 13, 1931, L. D. Anderson; Three Forks, July 22, 
1931, L. D. Anderson. 

Oregon : Hot Lake, July 13, 1931, L. D. Anderson. 


Notonecta indica Linne, 1771 

(Color Plate I, fig. 2; Plate XIII, fig. 3) 

1771. N. indica Linnffius, Mantissa Plantarum, ii, p. 534. 

1806. N. indica Linnseus; Tnrton in Linn. Syst. Nat., edn. IS, Eng. Transl., ii, p. 605. 
1980. N. indica Linnceus; Hungerford, Bull. Brook. Ento. Soc., xxv, p. 139. 

Referring to this species, also : 

1775. N. americana Fabricius, Syst. Ento., p. 690. 

1811. N. americana Olivier, Eneyclopedie M€thodique Histoire Naturelle Insectes, viii, 
pp. 387 and 389, *'Saint Pomingue." 

1832. N. undulata Say, N. Harm., p. 39; Fitch reprint, p. 812; Compl. Writ. I, p. 368 
(in part,). 

1851, N. variabilis var. scutellaris Fieber, Rhynchotographieen, p. 477. (Those from 
Portorico.) 
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1856* At variabilis Guerin, in Ramon de la Sagra’s Cuba, Hist. Nat, vii, p. 170. 

1381. N. vallipes Lethierry, Ann. Soc. Ento. Belg.. xxv, p. IS (three specimens from 
St. Barthelemy). 

1884. JV. undulata Uhler, Standard Nat. Hist. II, p. 252 (in part.) 

1891. N. undulata Summers, Bull. Agri. Exp. Sta., Univ. Tenn., iv, No. S, p. 82 (iii 
part). 

1894- N. americana Uhler, Proc. Zool. Soc. London for 1894, p. 223 (a .single nymph 
taken Aug. 20). 

1897. N, undulata Kirkaldy, Trans. Ento. Soc. London, p. 410 (in part). 

1897. N. undulata var. charon Kirkaldy, Trans. Ento. Soc. London, p. 411 (in iiart). 

1899. N. undulata Kirkaldy, The Ento., xxxii, p. 29 (Flight to lights in Jamaica). 

1901. N. undulata Champion, Biol. Centr. Amer. Hem. Het, ii, p. 370, Tab. xxii, 
fig. 10. 

1905. N. howardii Bueno, Jl, N. Y. Ento. Soc., xiii, p. 151. 

1905. N, undulata Bueno, Jl. N. Y. Ento. Soc., xiii, p. 153 (in part). 

1909. N. undulata Delcourt, Bull, Sci. Fr. et Belg, Tom xliii (7), vol. 1, pi. iv, line .8. 

1909. N. undulata Kirkaldy & Bueno, Proc. Ento. Soc. Wash., x, p. 199 (in part). 

1909. N. howardii Bueno; Kirkaldy & Bueno, Proc. Ento. Soc. Wash., x, p. 198 (in part). 

1914. N. undulata Barber, Bull. Am. Mus. Nat Hist, xxxhi, p. 499, 

1917. N. undulata Van Duzee, Catalogue Hemiptera, p. 451 (in part). 

1917. TV. howardii Bueno; Van Duzee, Catalogue Hemiptera, p. 452, 

1919. AT. howardii Bueno; Hungerford, Kans. Univ. Sci. Bull, xi, p. 168. 

1919. iV. undulata Hungerford, Kans. Univ. Sci. Bull., xi, p. 169 (in part). 

1922. N. howardii Bueno; Hungerford, Kans. Univ. Sci. Bull, xiv, p. 426. (Says fig. 8, 
pi. xxxi of Sci. Bull, xi is this species). 

1922. TV. howardii Bueno; Drake, Ohio Jl. Sci., xxii, p. 116. 

1926. TV. howardii Bueno; Blatchley, Heteroptera . . . p, 1053. 

1926. JV. undulata Blatchley; Blatchley, Heteroptera . . . p. 1054 (in part). 

1928. TV. howardii Bneno', Hungerford, Ento. News, xxxix, p. 156 (Georgia). 

Size. Length, 10 mm. to 11 mm.; width of pronotum, 3.36 mm. to 
3.75 mm. 

Color. Color variable, from luteous to nearly black, the hemely- 
tra. having only the base of the clavus tan. The typical color is 
black and white; the scutellum and a broad band covering the 
distal end of corium and the basal two-thirds of the membrane 
black; the scutellum often pale at tip and marked near each basal 
angle by a light spot. 

Structural Characteristics. Head more than one-half length of 
pronotum; vertex as long or slightly longer than its anterior widtli 
as seen from above; anterior margin of vertex less convex and 
shorter than the frontal margin of the eye; anterior breadth of 
vertex : synthlipsis :: 5:2; synthlipsis about two-fifths the width of 
the eye. Pronotum not twice length of head, lateral margins but 
slightly divergent on anterior two-thirds, then divergent, making the 
lateral margin appear concave and yet giving the appearance of a 
somewhat parallel sided pronotum; anterior angles embracing the 
eye; lateral ledge but slightly oblique and straight. Lobes of mem- 
brane equal. Anterior trochanter of male with a stout conspicuous 
hook. Mesotrochanter rounded. Terminal abdominal sternite of 
female with a shallow notch or none at tip. -Female gonapopliyses 
short. Male genital capsule as shown on Plate XIII. 
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Location of T^ype. I did not find any specimens in Upsalaj 
Swedeiij but in the Collection of the Linnean Society at London there 
is a male specimen. It lacks one middle leg entirely and the tibia 
and tarsus of the other. It still has both front legs and one hind 
leg (1928). The specimen has a black scutellum with flavous marks, 
which are irregular, as in many specimens of what we have hereto- 
fore known in America as N, howardii Bueno. The mesotrochanter 
is rounded as in Bueno’s species, not angulate as in N. unifasciata 
Guer, which we called N. indica for many years. The label “indica” 
appears not to be in Linnaeus handwriting. It is, however, altogether 
probable that this specimen was in the Linnsean collection purchased 
by Sir James E. Smith, who was for forty years president of the 
Linnean Society of London. I therefore designate it the type of 
N. indica Linn. 

In the Museum at Copenhagen, under the name Notonecta ameri- 
cana Fabr., I found several specimens. The first one bears the 
labels: “Museum Seh. and T. Lund,” “iV. americana” and is iV. 
indica Linn. It is a female specimen and the scutellum has the 
pale spot at each basal corner as described by Fabricius (Fabricius, 
however, said his specimen was from “Mus. Tottianuin”). The 
second specimen bears one label I cannot read and another “Mus. 
Seh, and T. Lund.” It is N, u7idulata Say. The third and fourth 
specimens are females labeled “Mus. Westerm” “M americana” and 
are N, indica Linn. There is no doubt that the first two specimens 
at least were seen by Fabricius and the first one fits his description 
exactly. 

Comparative Notes. Due to its size and color variations it has 
been included under N. undulata Say in most collections. The broad 
black band across the hemelytra of typical specimens separate it 
from typical specimens of N. undulata Say. The head is more 
truncate as seen from above. The shape of the pronotum appears 
more parallel sided than in Say’s species. The last abdominal ster- 
nite of the female is shallowly notched, if notched, and the anterior 
trochanters of the male are armed with larger hooks than in N. 
undulata Say. 

Data on Distribution. This is one of the few species common to 
both North and South America. Its range extends across the 
southern United States south of 37° latitude. I have seen but one 
collection north of this line. This is from Maryland, which indicates 
that east of the Allegheny Mountains it extends northward to in- 
clude Maryland. Southward I have it from Mexico, Yucatan, Guate- 
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mala, Colombia, South America (Bogota) , Brazil * ?, and from the 
Islands of Cuba, Jamaica, St. Croix, St. Thomas, and Porto Rico. 
The following collections are before me: 

Unitbb States of America 

Maryland : Crisfield, Sept. 26, U. S. N. M. (Uhler called it N. punctata 
FiebX 

North Carolina: Southern Pines, Sept. 14, 1916. 

South CarO'Lina: Clemson College, April 13, 1929, Oct. 30, 1927, Nov. 25, 

1929, D. Dunavan; Walhalia, Mar. 24, 1929, D. Dunavan. 

Kentucky: Pond near Brooklyn Bridge, Jan. 3, 1933, H. Garmen, (taken 
along with N. undulata Say.) 

Tennessee: Murfreesboro, Aug. 29, 1929, Creaser & Becker (Michigan); 
Knoxville, July 13, 1890; Neubert Springs, Dec. 1, 1932, L. Chester Marsten 
Jr. (34 adults and 3 nymphs) . 

Georgia: Baker Co., Aug. 24, 1927, C. H. Martin; Ga, (Uhler Coll. U. S. 
N. M.). 

Florida: Inverness, Aug. 1, 1930, J. 0. Nottingham; Cocoanvit Co., Aug. 
9, 1930, K. H. Beamer; Archer, July 31, 1930, Paul Oman; Sanford, Aug. 4, 

1930, Paul Oman; Wildwood, Aug. 2, 1930, J. 0. Nottingham; Plant City, 
Jan. 4, 1927, C. 0. Bare; Dunedin, W. S. Blatchley, Feb. 9, 1919 (Purdue 
Univ.). 

Mississippi: Fayette, July 23, 1921; Miss. Agri. Coll., Aug. 20, 1913, J. G. 
Hester; Natchez, Sept. 8, 1924, H. M. Harris. 

Louisiana: Baton Rouge, Mar. 9, 1929, R. M. DeCoursey; Mound, Mar. 
9, 1929; Opelousas, C. R. Pilate (Baker Coll. U. S. N. M.) ; New Orleans, July, 
1916, H. E. Hubert (U. S. N. M.). 

Arkansas: Arkansas Co., Apr. 9, 1930; Fayetteville, Feb. 27, 1930; Law- 
rence Co., B. C. Marshall; Imboden, Mar. 19, 1925, B. C. Marshall, 

Texas: Hidalgo Co., July 30, 1928, R. H. Beamer; Sutton Co., July 16 
and Aug. 20, 1928, R. H. Beamer; Victoria Co., Aug. 9, 1928, R. H. Beamer; 
Victoria, Dec. 27, 1910, J, D. Mitchell (U. S. N. M.); Colorado Cu., Apr. 25, 
1922, Grace Wiley; Cameron Co., Aug. 13, 1928, A. M. James; Brooks Co., 
July 25, 1928, R. H. Beamer; Jim Wells Co., July 24, 1928, A. M. James; 
Valentine, July 13, 1927, R. H. Beamer; Kerrville, Apr. 11, 1907, F. C, Pratt; 
Calvert, July 22, 1907, C. R. Jones (U. S. N, M.); Alfred, July 24 , 1932 , 
R. H. Beamer. 

New Mexico: Socorro Co., Aug. 18, 1927, L. D. Anderson; Eddy Co., July 
9, 1927, P. A. Readio; San Antonio, July 15, 1927, L. D. Anderson; Mesilla 
Park, July 18, 1927, P. A. Readio. 

Arizona: Douglas, F. H. Snow; Gila Co., Aug. 5, 1927, R. H. Beamer; 
Cochise Co., July 29, 1927, L. D. Anderson; S. W. edge Tuscon, July 20, 
1932, R. H. Beamer. 

Caufo'RNIa: Holtville, July 2, 1929, R. H. Beamer; Calipatria, July 14, 1923 . 


^ See p. 141 where I have called these Fieber’s N. variabiliti. 
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Mexico 

Tamaiilipas, San Carlos Mts., July, IQSQ, Dice & Bartlett (Michigan) ; Los 
Mochis, Senaloa, June 13, 1922, C. T. Dodds; Cuernavaca, Nov. 4, 1922, E. G. 
Smyth (U. S. N. M.) ; Guadalajara, Etat de Jalisco, M. Diguet, 1901 (labeled 
N. undidaia var. chamn Am. M. N. H.); Yucatan, Tabi, F. D. G. (labeled 
“B. G. A. Khyn. II. N. tmdulata Say” XT. S. N. MJ. 

Guatemala 

S. Geronimo, Champion B. C. A. Rhyn II (labeled undulata by Cham- 
pion) ; Guatemala City, Ainslei (C. J. Drake). 

Colombia 

Bogota, Coll. Signoret (Vienna) ; Colombie, Steinheil (det. by Kirkaldy as 
Ab tmdulata Paris Mus.) . 

West Indies 

Cuba : Havana, Jan. 25, 1932, P. J. Bermudez; Havana, Baker (U. S. N. M) ; 
Soledad, Apr. 4, 1925, J. G. Myers; Littletown, Jan. 1, 1878. 

Jam.mca: Claremont Baron Hill, Trelawny, Mar. 4, 1928, L. G. Perkins; 
Montego Bay, Mar. 15, 1911 (Am. Mus. Nat. Hist.) ; Port Antonio, A. E. 
Wight (Mus. Comp. ZooL, Cambridge, Mass.); Yardley Chase, Santa Cruz 
Mts., St. Elizabeth, taken at light Oct. 31, 1899. 

Porto Rico: Desengano, June, 1924 (Cornell Univ. lot 719). 

St. Thomas: Charlotte Amalie; V. Ids., June 2, 1917, Harold Morrison. 

St. Croix: “F. 5022,” Mar. 4, 1925 (Am. Mus. Nat. Hist.). 

Notonecta undulata Say, 1832 

(Color Plate I, iig. 3 ; Plates IX, fig. 3 ; X, fig. 3 ; XIII, fig. 1) 

1832. undvXata Say, Heter. New Hanii., p. 89; Fitch’s reprint, p. 812: Complete 
Writ. I, p, 2ns. 

1851. .V. undulata Say; Fieber, Bhjmchotographieen p. 479 (not known to him). Rhyn- 
chotographien, p. 55 (Van Duzee). 

1853, .V. undulata Herrick-Schiiffer, Wanzenartigen Insecten, ix, p. 137. 

1874. iV, undulata Say; r*ackarcl, Half hours w. Insects, pt. 6, pp. 139-141, fig. 103 
(Egg desc. p. 158). 

1876. V. undulata Say; XJhler, Bull. U. S. Geol. Geog. Surv., vol. I, Bull. V, 2d ser., 
p. 339, pL 21, fig. 33. 

1876. N. undulata Say; XJhler, Bull. tl. S. Geol. Geog. Surv. Reprint from above, p, 73. 
(Inhabits foulest pools.) 

1877. A’, undulata Say; Uhler, Bull. U. S'. Geol, Geog, Surv., Ill, p. 453. 

1877. N. undulata Say; Uhler, Wheelei-’s Rept. Chief Eng. for 1877, p. 1332. (N. Mex.) 

1878. N. undulata Say; Uhler, Bull. U. S. Geol. Geog. Surv., iv, p. 509. 

1878. N. undulata Say; Uhler, Proc. Bost, Soc. Nat. Hist., xix, p. 442. (Except Var. IS.) 

1878. AA undulata Say; Packard’s Guide, 6th Ed., p. 537, fig. 542, 

1884. AA undulata Say; Uhler, Stand. Nat. Hist., 11, p. 252 (in part.) 

1884. AA undulata Say; Popenoe, Trans. Kans. Acad. Sci., ix, p. 62. 

1888. N. undulata Say; Comstock, Introduction, p. 186, fig. 157. 

. 1888. N. undulata Say; Provancher, Pet. Faune Ent. Can., iii, p. 201. 

1889. AA undulata Say; Weed, Bull. Ohio. Agri. Sta. Tech., ser. I, p. 12; pi. ii, fig. 3 

(Feeding and defense). 

1889. N. undulata Say; Garman, Bull. 111. Lab. N. H., Art, ix, vol. iii, p. 174. 

1890. AT. undulata Say; Hyatt and Arms, Insecta, p. 121, fig. 70. 

1891. N. undulata Say; Summers, Bull. Agr. Exp. U. of Tenn., iv. No. 8, p. 82. 

1894. N. undulata Say; Uhler, Proc. Calif. Acad. Sci. (2) iv, p. 292. 

1894, AA undulata Say; Van Duzee, Bull. Buffalo Acad. Nat. Sci., v. p, 186, 


9—3482 
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1S95. N. undulata Say; Gillette & BaSker, Bull, xxxi, Colo. Agr. Exp. Sta. Toeh. ser. 

1, p. 63. 

1897. N. undulata Say; Kirkaldy, Trans, Ento. Soc. London for 1897, p. 410. 

1S97. N. undulata. Say; Smith, Ins. N. J., p. 144. 

1899. N. undidata Say; Packard, Ento. for Beginners, p. 83., 

1899. N. undulata Say; Comstock, Manual, p. 130, fig. 49. 

1900. N. undulata Say; Osboni, Contr. Dept. Zodl. and Ento. Ohio State Uriiv., No. 

2, p. 79, 

1900. N. undulata Say; Lugger, Bull. 69, Ento. Div. U. of Minn. Agr. Coll. Exp. Sta, 
p. 15. 

1901. iV. undulata Say; Champion, Biol. Centr. Amer. Hem.-Het., ii, p. 370 (in part). 

1901. N. undulata Say; Howard, Insect Book., p. 275. 

1902. N. undulata Say; Bueno, Jl. N. Y. Ento. Soc., x, pp. 231 and 2:13. 

1904. N. undulata Say; Kirkaldy, Wien. Ento. Zeit., xxiii, pp. 94, 95 and 132 (in pai’t). 

1905. N. undulata Say; Bueno, Jl. N. Y. Ento. Soc,, xiii, p. 45 (in part), 

1907. N. undulata Say; Btieno and Brimley, Ento. News, xviii, p. 435. 

1908. N. undulata Say; Bueno, Jl. N. Y. Ento. Soc., xvi, p. 238. 

1909. N, undulata Say; Kirkaldy <fe Bueno, Proc. Ento. Soc. Wash., x, p. 100 (in part). 

1909. N. undulata Say; Delcourt, Bull. Sci. Fr. et Belg., xliii, (7) I, pi. iv, line (), No. 5; 

line 7, Nos 1, 2, 3, 4. 

1910. N. widulata Say; Bueno, Jl. N. Y. Ento. Soc., xviii, p. 33. (Dec. and FEt. .swim- 
ming under thin ice.) 

1910. N. undulata Say; Severin, Can, Ento., xlii, p. 340. (Food habits.) 

1910. N. undulata Say; Smith, Catalog Ins. N. J., edn. 3, p. 169. 

1912. N. undulata Say; Bueno, Can. Ento., xliv, p. 213. 

1913. N. undulata Say; Browne, Jl, Exp. Zool,, xiv, p. 61. (Male germ cells.) 

1914. N, undulata Say; Barber, Bull. Am. Mus. Nat. Hist., xxxiii, p. 400. (Cited in 

error.) 

1914. N. undulata Say; Parshley, Psyche, xxi, p. 140. (May 8, Oct. 17, Ornno, Maine.) 

1917. N, undulata Say; Hungerford, Ento. News, xxviii, pp. 175-182; pi. xiii, fig. 7. 
1917. N. undulata Say; Hungerford, Ento. News, xxviii, pp. 267-277; pis. xix and xx. 
(Life history.) 

1917. N. undulata Say; Parshley, Occ. Papers Boston Soc. Nat. Hist., vii, p. 113. 

1917. N. undulata Say; VanDuzee, Catalog, Flemipt., p. 451, 452 (in part). 

1918. N. undulata Say; Hungerford, Ento. News, xxix, pp, 242, 243, 245; pi. xv, fig. 8 
(ovipositor). 

1919. N. undulata Say; Parshley, Occ. Papers Mus. Zool. Hniv. Mich., No, 71, 1019. 
1919. N. undulata Say; Hungerford, Kans. Univ. Sci. Bull., xi, pp*. 21, 96, 166-169, 177, 

180, 181, 184, 186, 187, 100, 193, 195, 196, 258, 259, 263, 268. Color Plate II, fig. 1 and 
pis. i, iv, viii, xix, xx, xxi, xxiii, xxiv, (Biology of.) 

1919. K. undidata Say; Hungerford, Kans. Univ. Sci. Bull., xi, pp. 329, 332; pi. xxxi, 
fig. 10. 

1921. iV. undulata Say; Parshley, Proc. British Columbia Ento. Soc., No. IS (Syst. Ser.), 
p. 24. 

1922. N, undulata Say; Parshley, S. Dakota St. College Tech. Bull. II, p, 22. 

1923. iV. undidata Say; Bueno & Hussey, Bull. Brooklyn Ento. Soc, xviii, p. 107. 

1923. N. undulata Say; Bueno, Conn. St. Geol. & Nat. His. Surv. Bull. No. 34, pp. 404 

and 406. (April to Oct.) 

1924. N. undulata Say; Hale, Proc. Lin. Soc. N. S. Wales, xlix, pt. 4, p, 462. 

1925. N. undulata Say; Hungerford, Annals Ento. Soc. Amer., xxviii, p. 417. 

1925. N. undulata Say; Corhstock, Introduction to Ento., p. 862, fig. 416. 

1925. N. undulata Say; Clark, Bull. Brookljm Ento. Soc., xx, pp. 186 and 187. 

1925. N. undulata Say; Hungerford & Beamer. Ento News, xxxvi, pp. 263, 264, 297. 

1926. N. undulata Say; Leonard, Cornell Univ. Agri. Exp. Sta, Memoir 101, p. 139. 

(March to Nov.) 

1926. N, undulata Say; Bare, Annals Ento. Soc. Amer., xix, p. 93. (Life history.) 

1926. iV. undulata Say ; Hungerford, Bull. Brooklyn Ento. Soc., xxi, p. 195, 

1926. N. undulata Say; Blatchley, Heteroptera . . . p. 1068. 

1928, N. undulata Say; Hungerford, Annals Ento. Soc. Amer., xxi, ph ix, fig. 4, 

1928. N. undulata Say; Hungerford, Ento. New's, xxxix, p. 156, (From N. M.) 

1929. N. undulata Say; Hutchinson, Annals S. Afr. Mus. xxv, pt. 3, p. 364. 

1930. N. undulata Say; Hungerford, Bull. Brooklyn Ento. Soc., xxv, p. 138. 
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Referring to this species, also : 

1847. N. glauca Shepherd * Sillimans Amer. Jh (2) iv, pp. 423, 424 (migration), 

1848. *¥. glauca Shepherd, Ann, & Mag. Nat. Hist. (2) I, p. 158. 

1848. N . glauca Simpson, Quoted by Spence in Trans. Ento. Soc. London, v, proc. p. 30. 

1851. .V. pwwtata Fi{'b(*r, lihynchotographieen, p. 470. Rhynchotographien, p. 52. (Van 
DuKoe.) 

1853. Ay amvrkana Herrick -Schaeffer, Wanzeii. Ins., ix, p. 44, fig. 902. (Color illus. — 
not typical for any .species.) 

1897. N. undulata van charon Kirkaldy, Trans. Ento. Soc. London for 1897, p. 411 (in 
part). 

Size. Length, 10.5 mm. to 12.6 mm.; width of pronotum, 3.6 mm. 
to 1 mm. 

Color. Typically black and white. Head and legs of nsual color, 
often greenish ; abdominal venter usually marked with black areas ; 
connexivum like the legs; thoracic venter dark; posterior part of 
pronotum darkened by the black mesonotum beneath. Scutellum 
black. Hemelytra white with an undulate transverse black band 
across apex of corium and base of membrane. The species may vary 
from pale luteous forms with pale scutellum to forms darker than 
typical, having, beside the usual black marks, distal end of clavus, 
a band on middle of corium and a streak on embolium nearly black. 
All gradations occur. 

Structural Characteristics. Anterior outline of head, as seen from 
above’, somewhat rounded ; vertex about as long as its anterior width ; 
anterior margin of vertex slightly less convex and longer than frontal 
margin of an eye; anterior breadth of vertex : synthlipsis : : 2 + :1. 
Pronotum less than twice as long as the head; lateral margins 
straight and moderately divergent; anterior angles slightly em- 
bracing the eyes; lateral ledge oblique. Lobes of membrane about 
equal. Anterior trochanter of male with a medium-sized hook. 
Mesotrochanter not angulate. Terminal abdominal sternite of 
female notched at tip, the notch deeper than wide. Female gona- 
pophyses (first pair) short. Male genital capsule as shown on 
Plate XIIL 

Location of Type. In the T. W. Harris collection at the Boston 
Society of Natural History are the specimens reported by Doctor 
Uhler in the Proceedings of the Boston Society of Natural History 
XIX, pt. 4, Apr., 1878, p. 442, In this paper, entitled “Notices of the 
Hemiptera Heteroptera in the Collection of the late T. W. Harris,” 
Doctor Uhler writes concerning N. undulata Say: “No. 17 Harris 
collection “Rivers and Ponds. Sept. 20, 1821. May 15, 1828 ^ y 5 
Determined by Mr. Say. Four varieties remain in the collection, 

* This and two following relate to a flight of backswimmers in the upper Mississippi 
valley, probably N. undulata Say, but cannot be certain. 
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noted /5. y. S S . . The remaining notes by Uhler are of 

little interest now except to show that his own idea of the species 
included N, lunata Hungerford and N. indica Linn. I have examined 
the specimens mentioned above. /?. is typical, y. is less colored, the 
scutellum is yellow margined, and there is a small black spot on 
outer tip of embolium and corium. a has lost its head and pronotiim, 
the wings are pale and there is a central spot of black on scutellum. 
S is N. lunata Hungerford. 

There can be no doubt as to the identity of Say's N. undulata 
which he described from ^‘Missouri and Indiana.” The species I 
have described is not only the most common species in the regions 
he names, but the most common and widespread back-swimmer in 
the United States. It is the only one with the typical undulate 
band and has been recognized by all American students, I have 
specimens from Missouri that fit Say's original description. There 
can be no objection in designating^, which was determined by Say 
as the type of iV. undulata Say, 

Comparative Notes. Kirkaldy included several distinct species 
under this name which lead him to give a distribution extending all 
the way down to Chile, S. A. There are in North America several 
black and white species of approximately the same size, and when 
pale specimens are encountered they have often been confused with 
N. lunata Hungerford. The rounded mesotrochanter separates N. 
undulata Say from N. lunata Hungerford, N. unifasciata Guer. and 
N. spinosa Hungerford, which have angulate to spinose mesotro- 
chanters. The straight, divergent lateral margins of the pronotum, 
the moderate size of the hook on the anterior trochanter of the male, 
and the deep, narrow notch in the last abdominal sternite of the 
female separate it from N. indica Linn., which has lateral margins 
of the pronotum curved, conspicuous hook on anterior trochanter of 
male and a shallow notch, or none, in the last abdominal stemitc of 
the female. (See, also, the key to species on page 68.) 

Biological Notes. This common species has been the subject of 
several studies in behavior and life history. In 1917 Hungerford 
described and figured the elongate white egg, which is attached to 
submerged objects, and the five nymphal instars. In the earlier 
instars the food consists largely of ostracods and similar organisms. 
Winter is passed in the adult stage, and in Kansas there are two 
main broods in a season. Bare (1926) obtained the emergence of an 
adult in the laboratory on July 30, and 13 days later it began lay- 
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ing eggs. He also reared the species to maturity in from forty to 
fifty-twd dayS; using mosquito larvae as food. 

Data OR Dutrihution. This North American species ranges from 
coast to coast and from Canada to the Gulf. It is the most common 
species of the back swimmers east of the Rocky Mountains and north 
of the 37° of latitude. South of this line it is more and more re- 
placed in abundance by N. indica Linn, as one goes southward. 
My data include the following: 


Canada 

Nova Scotia: Truro, Sept, 23, 1926, F. Johansen. 

Quebec: Fairy Lake, May 14, 1927, and Sept. 11, 1928, G. S. Walley; Kazu- 
bazua, Aug. 18, 1927, and Aug. 28, 1928, W. J. Brown, and Aug. 18, 1931, G, S. 
Walley; Otter Lake, Aug. 6, 1931, G. S. Walley; Knowlton, June 21, 1927, 
G. W. Walley. 

Ontario: Rockcliffe, Aug. 2, 1928, G. H. Fisk; Mer Bleue, May 28, 1927, 
G. S. Walley; Westboro, Sept. 10, 1928, J. A. Adams; Toronto, Sept. IS, 1930, 
L. J. Milne; Rondeau Park, June 13, 1929, G. S. Walley; Pt. Pelee, June 6, 
1929, G. S. Walley; Ventnor, Aug. 1, 1928, J. A. Adams. 

Manitoba: Aweme, July 6, 1922, N. Griddle; Treesbank, Aug. 15, 1922, 
N. Griddle. 

AlbEiRTa: Lethbridge, May 8-13, 1920, J. H. Pepper. 

British Columbia: Peachland, Oct. 7, 1931, A. N. Gartell; Wellington; 
Victoria, June 6, 1923, K. F. Auden; Chilliwack, S'ept. 20, 1925 (Univ. of 
Kans.); Mt. Cheam, Sept. 13, 1924 (Univ. of Kansas); Van Couver Island, 
Saanich Dist,, Sept. 1, 1917, W. D. (Rept. by Parshley, 1919) Oliver; Aug. 6, 
1931, L. D. Anderson (Univ. of Kansas). 

All above Canadian records from material in Ottawa, Canada, unless other- 
wise stated. 

United States 

Maine: Orono, May 8 to Oct. 17 (see H. M. Parshley). 

Massachusetts: Amherst, May 16, 1922. 

Rhode Island; Providence (Bueno ColL). 

Connecticut: Apr. 9 to Oct. 24 (see Conn. Geol. and Nat. Hist. Surv. 
Bull. 34). 

New York: Long Island, May; Ithaca, Nov. 19, 1921, P. W. Claassen. 

New Jersey: Rancocas, Aug. 29, 1927, E. M. Becton. 

Pennsylvania : Rockville, Apr. 1, 1917, J. G. Sanders (C. J. Di-ake) . 

Virginia: Warrenton, June 7, 1928, L. Woodrulf. 

Kentucky: Pond near Brooklyn Bridge, Jan. 3, 1933, H. Garmaii (taken 
along with N. indica Linn.). 

Ohio: Columbus, Oct, 2, 1914, C. J. Drake; Zanesville, Aug. 10, 1915, 
C. J. Drake. 

Michigan: Cheboygan Co., July 12 and 31, H. B. Hungerford; Mackinac 
Island, Aug. 19, 1925, H. B. Hungerford; Nigger Creek, Mullett L., Aug. 4, 
1925, H. B. Hungerford; Bois Blanc Island, Aug. 14, 1932, H. B. Hungerford. 
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Many other collections near Douglas L., Cheboj^gan Co., by H. B. Himgerford, 

covering ten summers. 

Indiana: Kosciusko Co., July, 1932, G. E. Gould (Purdue IJniv.). 

Illinois: Normal, June 22, 1883; Towanda Pond, April, 1882; Havana, 
July 7, 1910, and man}^ other records in Illinois Nat. Hist. Sur\L Mus. 
Wisconsin: Lone Rock, Aug. 14, 1906, 

Minnesota: Bengal, Aug. IS, 1922, H. B. Hungerford; Becker Co., Aug. 22, 
1922, H. B. Hungerford; Beaver Dam, Minn., Aug, 12, 1922, H, B, Hungerford; 
Itasca Park, Aug. 21, 1922, H, B. Hungerford. 

Iowa: Ames, Oct. 11, 1924, H. M. Harris. 

Missouri: Kansas City, F. Rogers; St. Louis, April, 1900, J. Abbott; 
Columbia, Nov. 24, 1911, J. F. Abbott. 

Arkansas: Arkansas Co., Oct. 6, 1930, D. Isely; Fayettevnlle, Nov. 14, 1929, 

D. Isely. 

Texas: Sutton Co., Aug. 20, 1928, A. M. James; Eastland Co., Jan, 2, 1921, 
Grace Wiley; Randall Co., July 7, 1927, R. H. Beamer; Valentine, Aug. 13, 
1927, R. H. Beamer; Presidio Co., July 16, 1927, R. H, Beamer. 

Oklahoma: Ardmore, April 14, 1923, H. B. Himgerford; Grant Co., Feb. 
20, 1921, W. E. Hoffmann, 

Kans.^s: Doniphan Co., Aug. 27, 1921, W. J. Brown; Leavenworth Co., 
Feb. 6, 1921, W. E. Hoffmann; Douglas Co. (every month of the year); Riley 
Co., Oct. 1920, H. B. Hungerford; Allen Co., Apr. 24, 1921, W. E. Hoffmann; 
Woodson Co., Feb. 24, 1921, W. E. Hoffmann; Cowley Co., Mar. 16, 1921, W. 

E. Hoffmann; Lyons Co., June 18, 1923, Herbert Darby; Linn Co., 1915, R. 
H. Beamer; Comanche Co., June 19, 1927, H. B. Hungerford; Meade Co., 
(no data); Morton Co,, Aug, 4, 1924, C. 0. Bare; Scott Oo., June 22, 1929, 
Howard Deay; Cheyenne Co,, summer, F. X. Williams. 

South Dakota: Sand Hills, Martin, Sept. 15, 1930, H. C. Severin; Brook- 
ings, June 4, 1928, H. C. Severin; Springfield, June 15, 1928, L, Hendricks, 
July 12, 1922, H. C, Severin (S. D. St. College.) 

Montana: Three Forks, July 22, 1931, L. D. Anderson. 

Idaho: Caldwell, May 9, 1926, C. J. Drake. 

GoT.OR.ADO': Estes Park, Aug. 22, 1919, H. B. Hungerford; Pingree Park, 
Aug. 21, 1926, R. H. Beamer; Las Animas Co., Aug. 22, 1927, P. A. Readio; 
Lamar, Aug, 22, 1927, P. A. Readio; La Junta, Aug. 22, 1927, L. D. Anderson; 
Boulder, June 28, 1931, L. D. Anderson; Caisson, July 1, 1931, Ij. D. Anderson; 
Ft. Collins, Aug. 19, 1898. 

Utah; Faiwest, Sept. 12, 1924, C. J, D. Brown; Emery Co., Aug. 26, 1921, 
Grace Wiley ; Antelope, July 1, 1931, L. D. Anderson. 

New Mexico: Socarro Co., Aug. 18, 1927, L. D. Anderson; Torrance Co., 
Sept. 10, 1926, C. H. Martin; Santa Cruz Co., Aug. 20, 1927, R. H. Beamer; 
Estancia, Sept. 6, 1925, C. H. Martin. 

Arizona: Gila Co., Aug. 6, 1927, P. A. Readio; Navajo Co., Aug. 15, 1927, 
P. A. Readio; Cochise Co., July 29, 1927, R. H. Beamer; Coconini Co., Aug. 
13, 1927, P. A. Readio. 

California: Calipatria, July 14, 1923. 

Nevada: Carson City, Aug. 9, 1929, R. H. Beamer. 

Oregon: Hot Lake, July 13, 1931, L. D. Anderson; Corvallis, June 26, 1926, 
C. J. Drake. 
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Washington: Kalaixia R,, July 21, 1931, L. D. Anderson; Takoma (Ham- 
burg, Germany). 

I lack material from the following states: Maryland, District of Columbia, 
West Virginia, Tennessee, North Carolina, South Carolina, Georgia, Florida, 
Alabama, Mississippi, Louisiana, Nebraska, North Dakota, Wyoming. 

Mexico 

San Antonio, July 15, 1927, L. D. Anderson. 

Notes on Notonecta punctata Fieber, 1851 

Doctor Fieber described this from Baltimore, North America. 
Without doubt it is N, undulata Say and Kirkaldy was correct in 
so considering it, Fieber does not mention the museum where the 
insects belong. There are in the Zoological Museum in Berlin 4 
specimens under the name N. punctata Fieber. They are labeled 
as follows: 

First. *'^3624” ^‘Mexico Deppe” “punctata Fieb.’’ (This is near 
N, shooteri Uhl. Fieber’s type was from Baltimore.) 

Second. Label like the first but lacking determination label. 

Third. “Cat. N. 3624” “Mexico, Deppe,” This is not N, shooteri, 
a smaller species with rounded trochanter. 

Fourth. “7195” “Mexico.” This is near N. shooteri Uhler. 

All of the above coming from Mexico cannot be Fieber’s types. 

Notonecta indicoidea Hungerford, 1927 

(Color Plate H, fig. 2; Plate XIV, fig. 8) 

1927. X. mdicoidea Hungerford, Bull, Brookl. Ento. Soc. XXII, p. 250. 

Referring to this species, also: 

1897. N, iindulata var. charon Kirkaldy. Trans. Ento, Soc. Ijondon, p. 411 (in part). 
In Stockholm Mus. lab. by Kirkaldy, 

1897, N. (ihooterii Kirk, Trans. Ento. Soc. London, p. 408 (“Two handsome Notonects 
from Guanajuata in Mox. Diig4s in Mus. Paris”). 

Size. Length, 10.8 inm. to 11 mm.; width of pronotum, 3.9 mm. 

Color. General facies dark. Head, anterior half of pronotum 
and limbs yellow. Rear half of pronotum darkened by the black 
mesonotum beneath. Scutellum black. Hemelytra black, save two 
oblique tan streaks near base of corium and clavus and tip of mem- 
brane, which is pale. Venter black except connexivum and a spot 
on median line of fourth and fifth abdominal sternites. 

Structural Characteristics. Head and eyes not prominent; anterior 
outline of head rather flattened; vertex subequal to shorter than its 
anterior width; anterior margin of vertex less convex than margin 
of the eye ; anterior margin of vertex longer than frontal margin of 
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an eye. Anterior breadth of vertex : synthlipsis : : 12:5. Pronotiim 
a trifle less than twice the length of the head; lateral margins faintly 
convex and explanate; anterolateral angles slightly embracing the 
eyes; lateral ledge, as seen from the side, straight, slightly turned 
down in front and not as long as the rear margin of the eye beneath. 
Scutellum longer than either pronotum or ridge of hemelytral com- 
missure. Posterior lobe of membrane slightly shorter than anterior 
lobe. Anterior trochanter of male with minute hook. Mesotro- 
chanter rounded. Male genital capsule as shown on Plate XIV. 

Location of Type. In Francis Huntington Snow Entomological 
Museum, University of Kansas. 

Comparative Notes, Distinguished from N, indica Linn, by wider 
synthlipsis and from N. unifasciata Guer. by the black scutellum. 

Data on Distribution, Known to me only from Mexico, D. F. 

Notonecta distinctoidea Hungerford, 1930 

(Color Plate 11, fig. 6; Plate XIII, fig. 9) 

1930. N. distinctoidea Hungerford, Bull. Brook. Ento. Soc. XXV, p. 141, 

Size, Length, 10.8 mm. to 12 mm.; width of pronotum, 4mm. to 
4.3 mm. 

Color, General facies dark. Head, anterior part of pronotum 
and legs pale yellow to horn. Face, legs and lateral margin of 
abdominal venter more or less tinged with green. Scutellum black. 
Hemelytra purplish-black save two short, oblique tan streaks near 
base of corium and clavus, and tip of membrane, which is pale. 

Structural Characteristics. Anterior outline of head viewed from 
above convex; vertex shorter than its anterior width; margin of 
vertex less convex than the margin of an eye; anterior l)r(mdth of 
vertex : synthlipsis :: 13:6. Inner margins of the eyes straight and 
divergent. Pronotum declivant, not quite twice length of liead; 
lateral margins straight and divergent; anterolateral angles sliglitly 
embracing the eyes; lateral ledge, as seen from the side, straight and 
not as long as rear margin of the eye beneath, oblique. Scutellum 
longer than the pronotum. Hemelytral commissure shorter than 
scutellum. Posterior lobe of membrane slightly shorter than anterior 
lobe. Anterior trochanter of male with a very small hook. Meso- 
trochanters rounded. Penultimate abdominal sternite of female 
very slightly notched and last on'e not notched at tip. First pair of 
gonapophyses of female short. Male genital capsule as shown on 
Plate XIII. 

Location of Type. Holotype in Paris Museum. This species was 
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described from three males labeled as follows: “Mexique/^ Coll 
Noiialhier 1898”; Mexique, Etat de Jalisco, L. Diguet 1900”; 
Mexico, W. H. Ashm. determined N. americana Fab. var. by 
Kirkaldy ’97.” 

Comparative N otes. See notes under N. melaena Kirk. In com- 
paring this species with N, indicoidea Hungerford it may be noted 
that the species is plumper of body (more like N. melaena Kirk.) 
and differs in shape of male genitalia. 

Data on Distribution, Known only from type localities. 


Key TO Notonecta of South America 


I, Keel of fourth abdominal sternite bare, the hairs confined to the sides. .iV. mexicana.* 

(Colombia, p. 75.) 

Keel of fourth abdominal sternite not bare 

2- Last abdominal sternite of female large and strongly constricted just before the 

tip, male with digitate prolongation on genital capsule N". nigra. 

(Brazil?, p. 126.) 

Last abdominal sternite of female normal, male without digitate prolongation on 
genital capsule 

3. Pronotnm brojid in front embracing the eyes, which are flattened, and receding from 

anterior margin of vertex, Synthlip.sis broad, one-half anterior margin of vertex 
as seen from above, Scutellum plainly broader than long. Male with stout 
tubercle at angle of front trochanter and a very stout, broad hook as shown on 

Plate IX, fig. 4 

Pronotum and eyes not as above. Scutellum not plainly transverse. Males without 
stout tubercle at angle of front trochanter and with small hook on its anterior 
surface 

4. Length lusually under 12 mm N. ochrothoe. 

(Colombia, p. 99.) 

Length usually more than 12 mm N. colombiana. 

(Colombia, p. 12S.) 

6, Mesotrochanter more or less angulate 

Mosotroohantcr rounded 

0. Me.sotrochanter distinctly angulate N. unifasciata angulata. 

(“S. Amer.,” p. 111.) 

Mesotrochanter feebly angulate , 

7. Ijcngth less than 10 mm N. bifasciafa. 

(Argentina, p. 129.) 

Length more than 10 mm N. confusa. 

(“S. Amer./' p. 130.) 

5. Length usually less than 10 mm 

Length usually more than 10 mrn 

9. Typical facies dark. 

Typical facies distinctly black and wdiite 

10. Facies nearly black. Spots on end of corium not conspicuous 

Facies dark but w'ith spots on end of corium distinct or clavus pale 

II. Synthlipsis less than one-third width of an eye. Size small. 

(Max. length, 9 mm.) paZc/ira. 

(Paraguay, p. 131.) 


( 2 ) 


(3) 


(4) 

(5) 


( 6 ) 

( 8 ) 

(7) 


(9) 

(17) 

( 10 ) 

(14) 

( 11 ) 

( 12 ) 


Synthlipsis more than one-third width of an eye. Size larger. 


(Min. length, 0 mm.) v^^lystoUsma. 

(Brazil, p. 132.) 

12. Synthlipsis ’.width of eye behind : : 5.3 :9 peruviana. 

(Peru, p. 134.) 


^ ether members of this group are keyed out in Key to North and Central America, which 
SCO if desci’iidion does not fit. 



126 


The Univeesity Science Bulletin 


13. 


14. 


17. 


18 . 


Synthlipsis : width of eye behind ; ; 4 : 9 (about) 

Synthlipsis : width of eye behind : ; 4.1 : 9. (See drawing of male clasper, 


page 155) A’', vircscctti^, 

(Cliile, p. 135.) 

Synthlipsis : width of eye behind : : 3.9 : 9. (See drawing of male claiBper, Kate 

XII, fig, X. bicircoidca, 

(Argentina, ji. 13f>.) 

Hemelytra, viewed from above with two large nearly circular pale spots in the 
transverse black band. Vertex to synthlipsis : :5 :2 N. hirdrca. 


(Chile, p. 137.) 

Hemelytra, viewed from above, with small or transverse tan or pale spots in the 

transverse black band. Vertex to synthlipsis at least as 3 : 1 

Vertex to synthlipsis near 3:1 

Vertex to synthlipsis near 4:1 Ah minuta. 

(Bolivia, p. 13S.) 

Clasper of male genital capsule broad and bifurcate. (See Plate XII, 

fig. 4 ) Ah sellata. 

(Argentina, p. 139.) 

Clasper of male genital capsule not as above. (See Plate XII, fig. 7). .N. dlsturhata. 

(Brazil and Paraguay, p. 140.) 

Color black and white Al. variahUis* 

(Brazil, p. 141.) 
And N. indica. 
(Colombia, p. 113.) 


( 13 ) 


(15) 

(16) 


Color not black and white * (18) 

Synthlipsis less than three-fifths of width of eye behind N. fazi. 

(Chile, p. 142.) 

Synthlipsis more than three-fifths of width of eye behind. ... .A', vereerthruggheni. 

(Argentina, p. 144.) 


Notonecta nigra Fieber, 1851 

(Color Plate I, fig. 16; Plate XVI, fig. 3) 

1851. N. nigra Fieber. Rhynchotographieen, p. 473. 

1897. N. nigra Fieber. Kirkaldy, Trans. Ento. Soc. London for 1897, p. 424. 

1904. N. nigra Fieber, Kirkaldy, Wien, Ento. Zeit. xxiii, p. 182. 

1909. N. nigra Fkber. Kirkaldy and Bueno, Proc. Ento. Soc, Wash, x, p. 199. 

Size, Length, 16 mra.;t width of thorax 5.5 mm. (female). The 
male is smaller, being 4.8 mm. across thorax. 

Color. Chocolate brown to nearly black, Pronotimi, head and 
limbs shining and also chocolate brown to nearly black. Sciitelliim 
and venter black. 

Structural Characteristics, As in N, glauca L. (See p. 48.) 

Location of Types, Three specimens, two females and one male, 
in Vienna Museum, and one specimen, a female, in Paris Museum. 


See discussion under these two species, 

pNoTBs ON Fibber's Measurements: Doctor Fieber gave the length of his Notonecta 
species in “linien," Since several different units called lines have been employed, I wrote to 
my friendj Doctor Walther Horn, concerning Ahe problem. With his usual kindness he 
informed me that: "We have had in the past time in Europe almost as many 
different kinds of ‘linien' as small states. Sometimes a ‘linie’ was one-tenth, sometimes one- 
;^elfth of an inch. In the fallowing I give you three kinds: Paris ‘linie,’ 2.2668 mm.; 
Rheinprovinz linie, 2.179 mm,; English line, 2,116 mm. There have been many other kinds. 
For example, there is before me a meapring instrument where 12 "Unien” = 27 cm.” For- 
tunately, I Imve studied Fieber's N. mgra types in the Vienna museum. They measure 16 
^ length. Since Doctor Fieber gives ”7% linien” as the length of this species, it is easy 
to figure that he employed the Rheinprovinz linie, which equals 2.179 mm. 
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One of the Vienna females lacks distal half of abdomen, and the 
male has lost the hind legs and the tibia of one front leg. The 
Vienna specimens are labeled ^^Brasilien^^ and the Paris specimen 
“Bresil.’’ I have compared the labels side by side; the paper is the 
same in texture and of the same width. The ''Brazilien” label is 
longer. The handwriting and the ink look identically the same to 
me. The pins are, however, quite different, but both specimens show 
that they have been repinned. The Paris specimen bears also the 
label ^^Museum Paris, Coll. Noualhier 1898.” It is even nearer 
black than the Vienna specimens and is labeled ^Type.” I would 
give it cotype standing, and have labeled the Vienna specimens 
with red cotype labels. Fieber wrote ^^Aus Brasilien (kais. kon 
Hofnat. Cabinet in Wien; gesammelt von Schott). 

Com/parative Notes, This species is a puzzle to me. I can find 
no structural characteristics to distinguish it from N. glauca Linn, 
of Europe. The genital capsules of the males are alike and the 
female genitalia are alike. The specimens of N, nigra Fieb. are 
larger than the average N glauca Linn, and have a little different 
shape. The unusual color of N. nigra Fieb. certainly gives it a dif- 
ferent facies. At times I have been convinced that these four speci- 
mens might be only stained specimens of N. glauca Linn., labeled 
^^Bresil” and ^'Brasilien” by some unscrupulous dealer. I have seen 
Notonecta collected from acrid coffee-colored waters of some bog- 
land pool that were nearly as dark as N. nigra Fieb. For example, 
in the Museum of Paris there is a series of specimens labeled 
^Takersaii,” ^^Museum Paris, Algerie, P. Lesne 6-97,” determined 
as N. glauca by Kirkaldy and more recently N, maculataJ^ One of 
these has the venter covered with bits of wood fiber, as if taken in 
a pool of coffee-colored water, and is nearly as black as the cotypes 
in Vienna. There are other specimens that have the black legs and 
are but slightly lighter in color, and still others that are of typical 
N, macidata color. Even the darkest specimens of this series, how- 
ever, have the orange band on the abdominal dorsum. I recall also 
a female specimen labeled ^^Soeul, Korea,” in the Hungarian Museum 
at Budapest. This specimen is light chocolate in color. The venter 
is covered with bits of wood, as if the specimen had been collected 
in amber-colored bog waters. The scutellum is black; the anterior 
margin of hemelytra shows faintly the darker maculations that are 
so characteristic of N. glauca Linn. Compared with N, canariensis 
Kirkaldy, N. nigra Fieb. is a more slender species; the head is 
smaller and the limbs very plainly more slender. Compared with 
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N. V. viridis Delcourt, it does not have the anterior lateral angles 
of the pronotum embracing the eyes, and has longer and more 
slender front and middle legs. 

There will continue to be some doubt in my mind about the aU“ 
thenticity of the label “Brazil” until some further evidence is avail- 
able. I have many South American Notonecta from various places 
in Brazil, but no species even akin to this N. nigra Fieber have been 
taken in South America in modern times. 

In the museum at Oxford, England, there are two insects (a male 
and a female) that look like N. ohliqua Gallon and bear a tiny green 
square and a label, “Miers colL; Presented 1880 by J. W. Miers,” 
Professor Poulton says most, if not all, of Miers’ insects came from 
South America. 

While there is still much uncertainty about N, nigra Fieber, I do 
not wish to take the responsibility of denying the existence of this 
species in South America, and am sure that if further material be- 
comes available it will be possible to find in a longer series the 
proper position of this species. Every South American collector 
should be on the alert for this species. 

Notonecta colombiana new species. 

Size, Length, 12 mm. to 12.6 mm,; width of pronotum, 4.5 mm. 

Color. No doubt a bichromatic species, but only the dark form 
known to me. The scutellum is black. The hemelytra are brown 
and black with a luteous streak along the claval suture and a luteous 
transverse spot at end of basal third of corium. Lower half of 
propleurse, prosternum, mesoternum and spots on abdominal venter 
black. Face, limbs and connexivum may be yellowish or suffused 
with green. 

Structural Characteristics. Anterior outline of head viewed from 
above quite convex; vertex longer or subequal to its anterior width; 
margin of vertex more convex than margin of the eye; anterior 
breadth of vertex : synthlipsis : : 17:12. Pronotum steeply declivant 
as viewed from the side. Pronotum twice length of the head; 
lateral margins somewhat divergent and straight; anterior angles 
acute and embracing the eyes; lateral ledge as seen from the side 
nearly straight, as long as the rear margin of the eye below it, and 
nearly horizontal. Scutellum about as long as pronotum. Anterior 
lobe of membrane a little longer than posterior lobe. Anterior tro- 
chanter of male with the stout hook and protuberance characteristic 
of the N. shooteri group. Male genital capsule much as in N. 
?7ielaena Kirk. 
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Location of Type. Holotype, allotype and two paratypes in the 
Zo51ogical Museum at Berlin; two paratypes in Francis Huntington 
Snow Entomological Museum of University of Kansas. The above 
labeled ‘^Bogata 8000?, Kalte Region, Bobisch L.” Hamburg 
Museum has two paratypes labeled '‘Bogata, Dr. 0. Burger leg. Ill, 
1897, Vend. 1, 1, 1898.’’ In the Vienna Museum there is one labeled 
'^Bogata, Coll. Signoret,” and is marked rugosa Fieb.” 

Comparative Notes. Mistaken for N. shooteri Uhler, from which 
they differ by the shape of male genital capsule, by the straighter 
margins of the pronotum and more declivant pronotum. It is a 
larger species than N. melaena Kirkaldy, with more rounded head 
and luteous stripe on claval commissure. 

Data on Distribution: Colombia, South America: Bogata 8000', 
Bobisch L. (Berlin Mus.) ; Bogata, Dr. 0. Biirger, leg. Ill, 1897. 
Vend. 1, I, 1898, Hamburg Mus.; Bogata coll. Signoret (labeled 
rugosa Fieb.). 


Notonecta bifasciata Guerin, 184:4: 

(Plate XII, fig. 1) 

1844. .Y. bifasciata Guerin- Meneville. Icon, du Regne Anim. Ins., Ill, p. 354. 

1851. A’, bifasciata Guerin. Fieber, Rhynchotgraphieen (Abh. Bohm. Ges. Wisseiisch. 
Prag V, 7, p. 480). (Known to Fieber only by desc.) 

1853. K. bifasciata Guerin. Herrich -Schaffer, Die Wanzenartigen Insecten IX, p. 130 
(in Index). 

1870. A*, bifasciata Guerin. Berg, Hemiptera Argentina . . ., p. 197 of reprint. 

(Under N. variabiUs Fieb. in error.) 

1897. A\ bifasciata Guerin. Kirkaldy, Trans. Ento. Soc. London, 1897, p. 413. 
(Kirkaldy saw the type.) 

1899. X. bifasciata Guerin. Kirkaldy, Boll. Mus. Torino, xiv, No. 347, p. 2. (Only 
in part.) 

1004. X, bifasciata Guerin, Kirkaldy, Wien, Ento. Zeit. xxiii, pp. 95-132. (Kirkaldy 
thought only a var. of N. undulata Say, but was in error.) 

1909. A*, bifasciata Guerin. Kirkaldy and Bueno. Catalogue . . .Proc. Ento. Soc. 

Washington, x, p, 198. (Only in part.) 

1926. A’, bifasciata Guerin. Hungerford, Psyche xx.xiii, pp, 12 and 15. (My error; 
not this .species.) 

1930. A^ bifasciata Gu^dn. Hungerford, Bull. Brooklyn Ento. Soc., xxv, p. 140. 
(Corrects error of 1926.) 

Size. Given by Guerin as 8.5 mm. long and 3 mm. wide. Accord- 
ing to my measure, the type is 9.3 mm. long. 

Color. I have seen the type, which is a male, and give the follow- 
ing descriptive infonnation: The general facies dark, the scutelhini 
black; hemelytra dark except a pale stripe on basal two-thirds of 
clavus, the inner margin against the scutellum being brown through- 
out; against the clavocorial suture there is a triangular pale patch 
on the corium; at distal end of embolium (on the suture) there is a 
transverse orange spot and above it a larger one irregular in shape; 
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tip of membrane pale, hemelytra (the dark part particularly) 
covered with silvery, narrowly spatulate hairs. 

Structural Characteristics. Anterior margin of vertex : synthlip- 
sis : : 11:4; the width of an eye at its base equals the width of the 
anterior margin of the vertex. The anterior trochanter of the male 
has the little hook, as in other small South American species, such 
as N. bicirca Himgerford, for example. The mesotrochanter is not 
angulate, but not rounded as in some other species. The male 
genital capsule is shown on Plate XII, figure 1. 

Location of Type. There is a specimen in the Paris Museum 
labeled ^‘'type,” and from the top down the labels read: 1st, ^Type”; 
2d, “Museum Paris, Maldonado Coll. Guer.-Menev. ex coll. A. 
Salle 1897’’ (printed) ; 3d, “Notonecta bifasciata Guer. Ic. R. A. 
Platta (type) Maldonade” (written) ; 4th, “Notonecta polystolisma 
Fieb., p. 53, Maldonado bifasciata Guer. Ic. R. A. (type)”; 5th, 
^‘Notonecta bifasciata Guer. det Kirkaldy 1897.” Kirkaldy quotes 
these on page 413 of his “Revision.” The type is a male and appears 
to have been broken into two or three parts and glued together. One 
hemelytron is in two pieces and glued to the side of the body, and 
the pronotum sometime has been parted from the after body. 

Comparative Notes. I was surprised to find that this is not the 
species I named N. bifasciata in my paper of 1926, where I figured 
the genital capsule of what I thought to be Guerin’s species. The 
type has a male clasper more like my N. pulchra, but it is not the 
same species. N. pulchra Hungerford is a smaller species with 
longer head and narrower synthlipsis. On the other hand, it is a 
smaller species than my N, bicirca or N. bicircoidea. Of course, it 
is not what I named N. polystolisma var. spatulata. While the shape 
of the male genital capsule resembles somewhat my N. disturbata^ a 
comparison of the species side by side shows them to be distinct. 
N. disturbata Hungerford has a longer head and a narrower syn- 
thlipsis. Indeed, it proved to be a species I had never seen. 

Data on Distribution. Known to me only by the type. I cannot 
accept the distribution records of former workers, who most ob- 
viously have confused the species, Maldonado is in Uruguay, S. A. 

.Notonecta confusa Hungerford, 1930 

(Color Plate II, fig. 4 ; Plate XIII, fig. 7) 

1930. N. confusa Hungerford. Bull. Brooklyn Ento. Soc., xxv, p. 140. 

Referring to this species, also: 

1926. N. speciesf Hungerford. Psyche, xxxiii, pL 2, fig. 6. 

Size. Length, 12 mm.; width of thorax, 4 mm. 
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Color. The color of the solitary type specimen is pale yellow 
throughout. The typical color is probably black and white as in 
N. undulata Say. 

Stnictuml Characteristics, Size and general appearance might 
confuse this species with N. undulata Say, from which it differs in 
having the mesotrochanter feebly angulate and the male genital 
clasper with broader branches, as shown on Plate XIIL 

Location of Type. Described from a single male specimen from 
‘■^S. Amer.” type in the P. R. Uhler collection in the U. S. National 
Museum, Washington, D. C. 

Comparative Notes. Until a series of specimens, including both 
sexes, is found, it is impossible to offer any further comparisons. 

Data on Distribution. Beside the type, I have a specimen labeled 
^^Cuba” which belongs to this species. 

Notonecta pulchra Hungerford, 1926 

(Color Plate I, fig. 10; Plate XII, fig. 8) 

1926. N. pulchra Hungerford. Psyche XXXIII, p. 14, PI. II, fig. 3. 

Size. Length, 7.5 mm. to 9 mm.; width of pronotum, 2.18 mm. to 
3.1 mm. 

Color. General facies dark. Scutellum entirely black or marked 
with a tan spot on each lateral margin. Hemelytra black save two 
pale spots at base of hemelytra and an orange irregular transverse 
band at end of corium. Silvery hairs on hemelytra. When typically 
colored, a beautiful little species. 

Structural Characteristics. Anterior outline of head viewed from 
above nearly flattened; vertex as long as anterior width; margin of 
vertex less convex than anteiior margin of an eye ; anterior breadth 
of vertex: synthlipsis :: 11:3; synthlipsis less than one-third the 
rear margin of an eye, Pronotum less than one and one-half times 
as long as head ; lateral margins straight and quite divergent ; antero- 
lateral angles not embracing the eyes; lateral ledge, as seen from 
the side, curved, oblique and shorter than rear margin of eye be- 
neath. Scutellum a little longer than pronotum. Membranal lobes 
about equal. Anterior trochanter of male with hook. Mesotro- 
chanter rounded. Penultimate abdominal sternite of female notched. 
Last one not elongate, notched at tip. Male genital capsule as 
shown on Plate XII. 

Location of Types. Holotype, allotype and some para types in 
Francis Huntington Snow Entomological Museum, others in U. S. 
N. M. at Washington, D. C. 
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Comparative Notes. The typical color of this species sets it apart 
from the others of its size. The plump capsule of the male with its 
broader clasper separates it from N. disturbata Hiingerford and N. 
bifasciata Guerin. 

Data on Distribution. Paraguay; Villarica, Dec. 16, 1927, F, 
Schade; Villarica, Estero Granda, Nov. 1, 1924, F. Scliade; ViE 
larica, Sept. 16, 1923, F. Schade; Villarica, March 26, 1924, F. 
Schade; Caraveni, L. Montis, Oct, 30, 1924, F. Schade; Villarica, 
Jan. 19, 1926, F. Schade. 

Notonecta polystolisma Fieber, 1851 

(Color Plate I, fig. 11; PI. XII, fig. 2) 

1851. N. polystolmna Fieber. Ehynoliotograpliieen, pp, 477-478. 

1920. N. polystolisma Fieber. Hungerford, Psyche xxxiii, p. 12. 

1928. N. polystolisma Fieber. Jaczewski, Annales Musei Zoologici Polonici vii, p. 121. 

Referring to this species, also: 

1851. N. polystolisma var. guttata Fieber. Ehynchotographieen, p. 478. 

1851. N. polystolisma var. bipunctata Fieber. Ehynchotographieen, p. 478. 

1851. N. polystolisma var. fasciata Fieber. Ehynchotographieen, p. 478. 

1851. N. polystolisvia var. immaculata Fieber. Ehynchotographieen, p. 478. 

1897. N. bifasciata Kirkaldy. Trans. Ent. Soc. London for 1897, p. 418. (As syn. in 
error. ) 

1904. N. bifasciata Kirkaldy. Wien. Ent. Zeit., x.xiii, p. 132. (As syn. in error.) 

1909. N. hifusciata Kirkaldy & Bueno. Proc. Ent. Soc. Wash, x, p. 198. (As syn. in 
error.) 

1926. N. polystolisma var. spatulata Hiuigerford. Psyche xxxiii, p. 12. 

Size. Length, 9 mm. to 9.6 mm.; width of pronotum, 3.1 mm. to 
3.45 mm. 

Color. General facies dark. Anterior half of pronotum, propleura, 
head and legs from horn to brownish yellow often tinged with green. 
Venter brown to black except metaxyphus and connexivum, which 
are usually colored like the legs. Scutellum black except in teneral 
specimens. Hemelytra black or blue black with oblique bifurcate 
tan streak along basal half of claval commissure, and either two 
spots or transverse band across corium at tip of clavus. Tip of 
membrane usually pale. 

Structural Characteristics. Anterior outline of head, viewed from 
above, only slightly convex; vertex slightly shorter than anterior 
width and less convex than anterior margin of the eye; anterior 
breadth of vertex : synthlipsis :: 3 : 1 (sometimes 10:3); the "syn- 
thlipsis much less than half the rear margin of the eye. Pronotum 
less than one and one-half times as long as the head; lateral margins 
straight and divergent; anterolateral angles not embracing the eyes; 
lateral ledge as seen from the side faintly sigmoid and decidedly 
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oblique, shorter than the rear margin of the eye beneath. Scutellum 
longer than the pronotum. Membranal lobes subeqxial. Anterior 
trochanters of male with hook. Mesotrochanters rounded. Penulti- 
mate abdominal sternite of female notched, last one rather elongate 
and roundly notched at tip. Female gonapophyses of moderate 
length. Last abdominal sternite of male rather large and con- 
stricted before the tip. Male genital capsule large and as shown on 
Plate XII. 

Location of Type. Fieber described five varieties under this 
species, one of which is N. sellata and a very distinct species. The 
other four are from Brazil and appear to be stages of pigmentation 
of a single species. I named a variety ‘^spatulata/^ but now suppress 
it, as I consider the dark form as really the usual color of the species. 
There are no specimens in the Berlin Museum that I can mark with 
certainty as t 3 ^pes. Under the name Notonecta polystolkma Fieb. 
there is a mixed lot of five specimens, three are N. indica Linn, and 
other two labeled ^^Cat, No. 3631, Brazilien, Sellow” are what I con- 
sider correctly named. There are some unnamed Notonecta in 
Berlin Museum that belong under this name: One pale specimen 
labeled “3633 Brasil, Sellow,” and another “3634 Brasil, Sellow,” 
The latter is a male with pale scutellum and hemelytra. The 
female “3633” is partly pigmented. It has a dirty brownish to black 
median area on scutellum with an uneven paler stripe along lateral 
margins, the clavus and upper part of corium are pale, a thin brown 
streak on clavus bordering a brown streak between corium and em- 
bolium from base to middle of corium where it widens into a patch 
of brown covering distal half of embolium and corium but not reach- 
ing up to claval margin. Some brown on base of membrane. There 
are some dark forms labeled as follows: “Lages, Brasilien, St. Cath- 
arina, Fruhstorfer”; Brasilien, Osten Sacken; Allegrette 3635; 8014 
labeled “pallipes, Fabr.,” “Brasil Coll Germ.” 

Comparative Notes. A little larger than most of the other small 
typically South America species. The male genital capsule is large 
and distinctive. 

Biological Notes. Doctor Jaczewski, who collected this species 
in the state of Paran4, Brazil, S. A., found it in ponds and pools in 
open country and in forests. Some of the pools were formed in the 
course of small streams. Adults were taken from January to June 
and nymphs in March, April and June, 

Data on Distribution. In addition to the data published by Doc- 
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tor Jaczewski in Notonectidic from the state of Parana, 1928, I can 
add the following from the collection before me : 

Brazil: Ypirango, S. Paulo, R. Spitz; Itapiiaqueaetuba, Via Poa, EFCB 
Sao Paulo, E. D. Townsend; Sao Paulo, Aug. 7, 1927, E. D. Townsend (and 
nymphs); Estado de Sao Paulo, Nov., 1928, E. D. Townsend. 

Notonecta pemviana new species 

Size. Length, 9.3 mm. to 10.3 mm.; wddth of prothorax, 3.45 mm. 

Color. General facies dark when fully pigmented. Sciitelliim 
black. Hemelytra dark with broad oblique streak, tan or horn 
along base of clavocorial line; oblique orange line on caudal margin 
of embolium and an obscure orange spot on corium above ; membrane 
mostly brown. 

Structural Characteristics. Anterior outline of head somewhat 
rounded, slightly more convex in female than in male; vertex 
shorter than its anterior width; margin of vertex less convex than 
frontal margin of the eye; anterior breadth of vertex : synthlipsis 
:: 15:8, Vertex a little wider in the females. Synthlipsis : width 
of the eye behind :: 5.3:9. Pronotum trifle less than twice length 
of the head; lateral margins straight, moderately divergent; antero- 
lateral angles slightly embracing the eyes ; lateral ledge as seen from 
the side curved and oblique, shoi’ter than rear margin of the eye 
beneath. Scutellum and pronotum subequal in length. Ridge of 
hemelytral commissure as long as scutellum. Lobes of membrane 
of hemelytra equal in length. Anterior trochanter of male rougli 
but hook obscure. Mesotrochanters rounded. Penultimate ab- 
dominal sternite of female with deep but narrow notch, last one 
faintly or not notched. First pair of female gonapophyses short. 
Male genital capsule as shown on page 155. 

Location of Type. Holotype and allotype in Hungarian Museum 
at Budapest. Paratype in Francis Huntington Snow Entomological 
Museum, University of Kansas. 

Comparative Notes. Separated from N. viresce7U Blaiicliard and 
N. biaircoidea Hungerford by its wider synthlipsis and by sliape of 
male genital claspers. 

Data on Distribution. Known only by the male and two females 
labeled ^Teru, Lauramarca.’^ 
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Notonecta tnrescens Blanchard, 1852 

(Color Elate II, fig. 11) 

1852. iV. virescens Blanchard, in Gay’s Chile, Zool., viii, p. 233. Atlas Zool, Ins. Hemipt., 
PL II, p. 1(5. 

1863. N, virescens Blanchard? Signoret, Revision des Hemipteres du Chile. (Seance du 
22 Avril 18G3.) (Doubtful — gives length 10 mm.) 

1926. N. virescens Blanchard. Hungerford, Psyche xxxiii, p. 11. 

1930. iY. vircscejis Blanchard. Hungerford, Bull. Brooklyn Ent. Soc., xxv, p. 139. 

Referring to this species, also: 

1S97, N. undulata var. virescens Kirkaldy. Trans. Ent. Soc. London for 1897, p. 411, 

1904. N. undulata var. virescens Kirkaldy. Wien. Ent. Zeit., xxiii, pp. 95 and 132. 

1909. N. undulata var. virescens Kirkaldy and Bueno. Proc. Ent. Soc. Wash., x, p. 199. 

Size, Length, 8.7 mm. to 9.3 mm.; width of pronotum, 3 mm. to 
3.4 mm. 

Color. The type is luteous with hemelytra incompletely marked 
with brown. The upper pale spot of corium large and not closed, 
silver, narrowly spatulate hairs on hemelytra. The second specimen 
is entirely luteous. I have before me three pigmented specimens 
that must be this species. These have black scutellum with brown 
stripe on either margin and another before the tip. Clavus is horn 
except at hemelytral commissure where it is smoky brown, two 
pale stripes near base of corium separated by smoky, brown streak. 
Distal half of corium and basal half of membrane black embracing 
a small tan spot on embolial suture and a large irregular one above 
it. Colored more like N. bicir coidea Hungerford than like N. 
bir circa Hungerford. 

Strnctural Characteristics. Anterior outline of head, viewed from 
above, somewhat convex; vertex shorter than its anterior width; 
anterior breadth of vertex : synthlipsis :: 5:2; anterior breadth of 
vertex a little greater than the rear margin of an eye; the synthlipsis 
a little more than two-fifths the rear margin of an eye. Pronotum 
about one and five-sevenths as long as the head ; lateral margins in 
the type less divergent than in N. bicirca Hungerford; lateral mar- 
gins straight; anterolateral angles slightly embi'acing the eyes; 
lateral ledge, as seen from the side, curved and shorter than rear mar- 
gin of the eye beneath. Scutellum a little longer than the pronotum. 
Membranal lobes subequal. Anterior trochanter of male with hook. 
Mesotrochanter rounded. Penultimate abdominal segment notched 
and last one shallowly and roundly notched. Male genital capsule 
as showm in Text Figure on page 155. 

Location of Type. In Paris Museum, The type is a dermestid 
eaten female, labeled ''Museum Paris. Chili, Gay 15 = 43.^^ The 
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head and prothorax are gone. Only one leg left and this is the right 
middle leg. The hemelytra are incompletely marked with brown 
as stated above. A second specimen is entirely pale. There are two 
specimens labeled “Museum Paris, Chili, Coll. G. Fallou 259-95,'' 
but this has an angulate trochanter, and the label must be wrong, for 
this is N, lunata Hungerford. There are two other specimens labeled 
“Museum Paris, Chili, Coll. G, Fallou 259-95" det. N. inrescens by 
Fallou and N. undulata var. virescens by Kirkaldy. These are 
males. 

Comparative Notes, I have compared ihy own types with this 
species and find it to be different. The male clasper is more pointed 
behind than in either N, hioirca or N, bidrcoidea. 

Data on Distnhution. From Chile, S. A. There are therefore two 
very closely related little species from Chile and another across the 
divide in Argentina. 

Notonecta bircircoidea Hungerford, 1928 

(Color Plate II, fig. 8; Plate XU, fig. 3.) 

1928. N. hireircoidea Hungerford. Annals Ent. Soc. Am. xxi, p. 12U. 

Size. Length, 8.8 mm. to 9.6. mm.; width of pronotum, 3.15 mm. 
to 3.3 mm. 

Color. General facies quite like N. bicirca Hungerford but darker. 
The elongate yellow spot on lateral margins of scutellum, which is 
present in N, bicirca is nearly always absent or tan in this species. 
Hemelytral commissure and tip of clavus black. 

Structural Characteristics. The head slightly less prominent than 
in N. bidrca and the anterior margin of vertex a little more 
rounded; vertex shorter than its anterior width; anterior breadth 
of vertex : synthlipsis :: 5:1,9. Anterior breadth of vertex greater 
than rear margin of an eye. Synthlipsis less than half the rear 
margin of an eye. Pronotum less than twice as long as the head; 
lateral margins straight, moderately divergent; anterolateral angles 
nearly normal, slightly embracing the eyes; lateral ledge, as seen 
from the side, curved, oblique and shorter than rear margin of the 
eye beneath. Scutellum a little longer than the pronotum. Mern- 
branal lobes subequal. Anterior trochanters of male with hook. 
Mesotrochanters rounded. Penultimate abdominal sternite of fe- 
male notched, last one broadly and shallowly notched, Male genital 
capsule as shown on Plate XII. It is relatively larger than in N. 
bicirca Hungerford. 

Location of Types. In Francis Huntington Snow Entomological 
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Museum^ University of Kansas. Described from fourteen specimens, 
four males and ten females, taken by Mr. Vereertbrugghen in Rio 
Negro Territory, Argentina. 

Comparative Notes. Head slightly less prominent than in N, 
bircirca^ color pattern difference as shown on Plates I and 11. Male 
capsule relatively larger and clasper broader, with the front and rear 
curves differently located. 

Data on Distribution. Known to me only by the types. 

Notonecta bicirca Hungerford 

(Color Plate I, fig. 16; Plate XII, fig. 5.) 

1926. N. bicirca Hungerford. Psyche xxxiii, p. 12, PI, 2, fig. 1. 

192S. N. bicirca Hungerford. Ann. Ento. Soc. Amer., xxi, p. 120. 

Size, Length, 8.4 mm. to 9.3 mm.; width of pronotum, 3 mm. to 
3.3 mm. 

Color, General facies spotted, white with scutellum and two circles 
on hemelytra black. Closer inspection reveals posterior half of 
pronotum darkened by black thorax beneath, an elongate yellow 
spot on lateral margins of scutellum; hemelytra yellowish white 
covered with silvery hairs and with the following typical macula- 
tions: Submarginal band of black on base of corium; distal end of 
clavus black; broad transverse black band traversing distal third 
of corium and base of membrane and embracing a small orange- 
yellow spot at end of embolium and entirely surrounding a much 
larger nearly circular spot above. The general effect produced is 
that of two black circles surrounding orange-yellow spots upon the 
insects, the lateral orange-yellow spots upon the margins of hemely- 
tra and opening upon the embolial sutures being unnoticed. 

Structural Characteristics. Anterior outline of head slightly con- 
vex, more so in male than in female; vertex longer than its anterior 
width in male, subequal in female; mai'gin of vertex less convex than 
frontal margin of the eye; anterior breadth of vertex : synthlipsis 
:: 5:2; anterior breadth of vertex greater than rear margin of an 
eye; synthlipsis slightly less than twice the r'ear margin of an eye. 
Pronotum less than twice as long as the head ; lateral margins nearly 
straight and moderately divergent; anterolateral angles about 
normal; lateral ledge as seen from the side, curved, oblique and 
shorter than the rear margin of the eye beneath. Scutellum a little 
longer than the pronotum. Membranal lobes subequal. Anterior 
trochanter of male with hook. Mesotrochanters rounded. Penulti- 
mate abdominal sternite of female notched and last one broadly 
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and shallowly notched. Female gonapophyses short. Male genital 
capsule as showm on Plate XIL 

Location of Types. In Francis Huntington Snow Entomological 
Museum, University of Kansas. Some paratypes in U. S. N. Mu- 
seum, Washington, D. C. Described from 50 specimens from Chile, 
S. A. Some from Santiago and others from Termas Caiiquences, 
Dec. 15, 1922, by Alfredo Faz. 

Coniparative Notes. The characteristically spotted appearance of 
this species is distinctive. While now and then a N. sellata Fieb. 
specimen may have same general color appearance, Fieber^s species 
has narrower synthlipsis and entirely different male clasper. The 
closest relatives are N. virescens Blanchard and N. bircircoidea 
Hungerford. It requires an examination of the claspers of the male 
to distinguish precisely these three species when the typical color- 
ing is lacking. Both of the latter species are usually more deeply 
pigmented. 

Data on Distribution. Besides the type series I have the follow- 
ing from Chile: Limache, Nov. 12, 14, 15, 1923, A. Faz. 

Notonecta minuta Hungerford, 1926 

(Color Plate I, fig. 9; Plate XII, fig. 6) 

1920. N. mmuta Hungerford. Psyche xxxiii, p. 14, pi. 11, fig, 7. 

Size. Length, 7.2 mm. ; width of pronotum, 2 mm. 

Color. Head, pronotum, legs and basal third of hemelytra yel- 
low. Scutellum and distal two-thirds of hemelytra black with tips 
of membrane pale. In the broad, black area across the hemelytron 
are two small, irregular orange spots of nearly equal size. On one 
of the three specimens there are ill-defined yellowish spots near the 
' base and at the tip of the scutellum. 

Structural Characteristics. Anterior outline of head, viewed from 
above, but slightly convex; vertex longer than its anterior widtli; 
margin of vertex less convex than anterior margin of the eye; an- 
terior breadth of vertex ; synthlipsis :: 9:2.1; width of eye at base 
equal to width of vertex; synthlipsis less than a third the rear mar- 
gin of an eye. Pronotum but little longer than the head; lateral 
margins divergent and straight; anterolateral angles acute, slightly 
embracing the eyes; lateral-ledge nearly straight, shorter than the 
rear margin of the eye beneath. Lobes of membrane subequal. An- 
terior trochanter of male with hook. Mesotrochanters rounded. 
Male genital capsule as shown on Plate XII. 

Location of Types. Described from specimens in the Carnegie 
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Museum bearing the label ‘'Prov. del Sara Bolivia 450 m. J. Stein- 
bach.” One paratype in Francis Huntington Snow Entomological 
Museum, University of Kansas. 

Comparative Notes, The smallest Notonecta known to me. 

Data on Distribution, Known only from the types. 

Notonecta sellata Fieber, 1851 

(Color Plate I, fig. 14; Plate XII, fig. 4.) 

1851. V. PolystoUsma var. sellata Fieber. Rhynchotographieen, Bolim Gesell. der Wis- 
.sensch. Abh. v, 7, p. 478. 

1030. N. sellata Fieber. Hungerford, Bull. Brooklyn Ento. Soc., xxv, p. 140. 

Referring to this species, also: 

1861. A’’, varktbilis Burmei.ster. Reise durch die Plata-Staaten I, p. 492 (1861) (prob- 
ably in part). Says he found it in Montevideo, but not close to Parana. 

1879, N. polystolisma Berg. Hemiptera Argentina, p. 198 (reprint from Ann. S. Cient. 
Argent., viii, p. 75). 

1897, N, variabilis Kirkaldy. Trans. Ento. Soc. London, 1897, p. 414 (in part). 

1904. N. variabilis Kirkaldy. Wien. Ento. Zeit, xxiii, p. 95. (Which he considered a 
var, of N, widulata Say, in error). 

1909. N. widulata Kirkaldy and Bueno, Proc. Ento. Soc. Washington, x, p. 199 (in part). 

1920. N. hifasdata Hungerford. Psyche, xxxiii, p. 12, plate II, fig. 5. 

Size. Length, 8.7 mm. to 9.6 mm.; width of pronotum, 2.8 mm. 
to 3.2 mm. 

Color. Typical color white, with transverse black band across 
clavus, in which are two tan spots, and with black scutellum mar- 
gined laterally by short pale stripe. The species may vary from 
pale to strongly pigmented, as in N. undulata Say, for example. 
Even the darkest forms do not have the scutellum solid black, 
and all but the teneral forms have abdominal dorsum dark and 
metathorax black. 

Structural Characteristics. Anterior margin of head, viewed from 
'above, only slightly convex; vertex longer than anterior width and 
less convex than anterior margin of an eye. Anterior breadth of 
vertex : synthlipsis :: 3:1; the synthlipsis much less than half the 
rear margin of the eye. Pronotum about one and one-half times as 
long as head: lateral margins straight in females, slightly concave 
in males and divergent; anterolateral angles not embracing the 
eyes; lateral ledge as seen from the side slightly curved, oblique, 
and shorter than rear margin of eye beneath. Scutellum longer 
than pronotum. Membranal lobes equal. Anterior trochanters of 
male with hook. Mesotrochanter rounded. Penultimate abdominal 
sternite of female notched, last one not elongate, notched at tip. 
Female gonapophyses (first pair) short. Last abdominal sternite of 
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male normal in size and constricted before the tip. Male genital 
capsule as shown on Plate XII. 

Location of Type. There is a specimen in Berlin Museum labeled 
^'3637 La Platta, Besoke” ''Sellata, Germ.” This fits description of 
N. polystolmna var. sellata Fieber exactly, but bears another label, 
N. variabilis var. sellata Germ. If it is not Fieber’s type it is cer- 
tainly Fieber^s ^‘sellataT FiebeFs type was designated ''Notonecta 
sellata Germ. Coll. Buenos Ayres. (Mus. Berol. Hal.) The com- 
monest species about “Buenos Ayres” is this species. 

Comparative Notes. The characteristic clasper of the male geni- 
tal capsule readily separates this species from all other species. 

Data on Distribution. I have before me the following: 

Argentina: Buenos Aires, Mercides, IV, 12, 1923 R. Hosford; Buenos Aires, 
Mercides, XI, 19, 1923, R. Hosford; Buenos Aires, Jan. 18, 1904 (U. S. N. M.) ; 
Lopez, Mendoza, S. A., C. S. Reed; Alrededores de La Rioja, M. S. Penning- 
ton; Buenos Aires, Republique Argentine, J. Kiinchel 1899, XI, 1897. (Paris 
Museum) ; Rep, Argentine Rosario, J. Claine, 1898 (Paris Mus.) Entre Rios. 
(Paris Mus.) ; Montevideo, Coll. Noualhier, 1898 (Paris Mus.) ; Cosquin, Arg. 
S. A., March 8, 1921, J. C. Bradley (Cornell Univ.) ; Argentina, S. A. 1925; 
Argentina, La Granja, Altagracia, Cordoba, 1923, A. Bruch. 

Paraguay: Villarica, Loma, Aug. 8, 1924, F. Schade; Molina.sque, June, 
1928, F. Schade. 

Brazil: Alto Parana, Aug. 29, 1929, F. Schade; Manacapuru, Manaos, 
Amaz., March, 1928, S. M. Klages. 

Bolivia: Dr. A. Barelli (bears two det. labels, 1st ^‘N. bifasciata Guer. det. 
Kirkaldy, 97’’; 2d “N. bifasciata — poly stolisma. det. Kirkaldy). 

Notonecta disturbata Hungerford^ 1926 

(Color Plate I, fig. 13; Plate XII, fig. 7.) 

1026. N. disturbata Hungerford. Psyche, xxxiii, p. 13, PL II, fig. 2. 

Size. Length, 8 mm. to 8.4 mm.; width of pronoturn, 2,S mm, to 
2.9 mm. 

Color. From luteous to black and white. The pale ones entirely 
light, the pigmented ones having a black scutellum with brown 
stripe on each lateral margin. The hemelytra white with distal end 
of clavus brownish black and distal half of corium and basal two- 
thirds of membrane black. 

Structural Characteristics. Anterior outline of liead somewhat 
convex; vertex longer than its anterior width; vertex less convex 
than margin of the eye; anterior breadth of vertex : synthlipsis :: 
10:2.7; synthlipsis less than one-third rear margin of an eye, which 
is equal to or less than width of anterior margin of vertex. Pro- 
notum not more than a third longer than the head; lateral margins 
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straight and divergent, anterolateral angles normal; lateral ledge, 
as seen from the side, curved, oblique and shorter than rear margin 
of an eye beneath. Scutellum a little longer than the pronotum. 
Membranal lobes equal Anterior trochanter of male with hook. 
Mesotrochanters rounded. Penultimate abdominal sternite with 
narrow, deep notch and last one shallowly notched. Male genital 
capsule as shown on Plate XII. 

Location of Type. Sao Paulo Museum, paratype in Francis 
Huntington Snow Entomological Museum. Three specimens from 
Campo, Bello Staat, Rio de Janeiro, IV, 1906. 

Comparative Notes. The unusual shape of the male genital 
capsule distinguishes this species. 

Data on Distribution. I have before me the following series of 
this species. Villarica, Paraguay, Dec. 6, 1923, Dec. 15, 1922, Dec. 
5, 1923, F. Schade; Natterer,- Brasilien (Det. by Kirkaldy as N. 
variabilis Fieb.). 

Notonecta variabilis Fieber, 1851 

1851. N. variabilis Fieber, Rhynchotographieen Abh. bohm Ges. Wiss., v. 7, p. 477. 

Referring to this species, also: Fieber described four varieties 
of this species. Three from Brazil and one from Baltimore. His 
South American varieties were named scutellaris, dorsalis and uni- 
color and were not worthy of varietal names. His maculata from 
Baltimore is another species, now N. lunata Himgerford. 

Size. Fieber gives the size as 44/6 linien, which would be 10.17 
mm. 

Color. Variable. Some specimens are yellowish-white with face, 
limbs and connexivum more or less greenish; scutellum in such 
cases uniformly yellowish-white or more or less suffused with brown. 
Other specimens may have a broad, black band covering all but the 
tip of the membrane, across the caudal third of the hemelytra ; in 
such specimens the scutellum may be entirely black, black with 
lateral margins flavous, or black with from one to three flavous 
spots — one at the tip and one at the base on either side — or in the 
case of a single spot, only the tip pale. It is probable that still 
darker forms occur as in Notonecta indica Linn., to which this 
species is very closely related, if not identical with it. 

Structural Characteristics. Almost identical with those of Noto- 
necta indica Linn, even to the clasper of the male genital capsule. 
Fieber says that the front half of the pronotum is finely cross- 
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wrinkled, which character does distinguish these specimens from N. 
polystolisin Fieber. 

Location of Type. Doctor Kirkaldy could not locate the type. 
I have examined the collections at Berlin, Vienna and Halle, where 
Fieber said his specimens were located, and did not find types. In 
the Berlin Museum there is a pair of specimens labeled “Cat, No. 
3632” “Brasilien, Sallow.” One of these is a male and resembles 
N. indica Linn. (— N. howardii Bueno) in the shape of the clasper 
of the male, in size and color, rounded mesotrochanter, etc. It has 
the broad, black vitta across the wings. The scutellum is yellow, 
except tin3^ brown spots at base and in the middle. There is a 
brown line along margin of clavus where it meets the scutellum, a 
brown streak along front wing margin extending from base of wing 
to the large black transverse vitta and an indefinite sooty patch 
on corium. The female has a black scutellum except a yellow spot 
on each anterior corner and at the tip. It has the broad, black 
vitta across the hemelytra as in the male. It might well have served 
for Pieber^s description of N. variabilis var. scutellaris. Since Doctor 
Fieber said this variety came “'Aus Brasilien, Portorico (Mus. Vienn. 
et BeroL)” and since the above specimens are exceedingly close to, 
if not identical with, the species common in the islands, I hereby 
propose to consider these two specimens as plesiotypes of N. van- 
abilis Fieber. 

Data on Distribution. I have chosen to retain N. variabilis Fieb. 
as a name for the specimens that come from Brazil, in spite of their 
veiy close resemblance to the specimens found in Porto Rico which 
belong to N. indica Linn. This I believe to be the safest policy until 
we find more Brasilian specimens to study or other specimens from 
intervening territory, 

Notoneota fazi Hungerford, 1930 

(Color Plate I. fig. 17 ; Plate XIII, fig. 2) 

1930. A'. !azi Hungerford. Bull. Brook. Ento. Soc., xxv, pp. 141-142, fig. 1. 

Referring to this species, also : 

1S97. N. ameneana Kirkaldy. Trans, Ento. Soc. London, p. 409, 1807. (“Gliili, 
Valdivia Hanib. Mus.’’), 

1899. Ab undiilata Kirkaldy. Above specimen redetermined by Kirkaldy (not published), 

1901. N. virescens Reed. Revista Chilena de Historia Natural, v. Reprint “Sinopsis 
de los Hemipteros de Chile, p. 106. 

Size. Length, 12 mm,; width of pronotum, 4 mm. Males a little 
smaller. 

Color. General facies dark. Head, anterior part of pronotum 
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and legs pale yellow. Posterior half of pronotum darkened by the 
black mesothorax beneath, scutellum black. Hemelytra reddish 
brown to black marked with tan; the tan markings are variable, 
typically as follows: on base of clavus and extending as indefinite 
streak near the outer margin to near its tip ; a small area near base 
of coriiim sometimes lacking, another of variable form in outer half 
of corium, sometimes, but not usually, reaching membrane; mem- 
brane dark, sometimes with a pale spot on distal half, sometimes 
with the tip pale instead. Venter dark, except connexivum, metaxy- 
phus and parts of abdominal venter (especially fourth sternite) 
which are yellowish brown. 

Structural Characteristics. Anterior outline of head, as viewed 
from above, truncate but slightly rounded; vertex slightly shorter 
than its anterior width in female but longer in the male; anterior 
margin of vertex less convex and shorter than the eye; anterior 
breadth of vertex : synthlipsis : ; 3 + : 2; synthlipsis less than three- 
fifths as wide as an eye, Pronotum about twice as long as the head 
in the female, but sometimes less in the male, due to its relatively 
longer head; lateral margins not very divergent, straight; anterior 
angles embracing the eyes; lateral ledge somewhat oblique and 
shorter than the eye below it. Lobes of membrane about equal. 
Anterior trochanter of male with a hook. Mesotrochanters rounded. 
Last abdominal sternite of female notched at tip. Female gona- 
pophyses (first pair) short. Male genital capsule as shown on Plate 
XIII. 

Location of Type. Holotype, allotype and many paratypes in the 
Francis Huntington Snow Entomological Museum at the University 
of Kansas. Some paratypes in the U. S. N. M. and in the collection 
of J, R. de la Torre-Bueno. The types were collected for me by 
Doctor Alfredo Faz from Limache, Santiago and Termas Cauquenes, 
Chile. 

Comparative Notes. This common Chilean species was known to 
Doctor Kirkaldy, who called it N. americana Fabr. in his 1897 paper 
and later labeled it N. undulata Say. Its short truncate head, gen- 
eral color pattern and male genitalia readily separate it from N. 
undulata Say. Its closest relative is N. vereertbruggheni Hungerford, 
from which it differs in its narrower vertex, less declivant head, 
more oblicpie lateral prothoracic ledge and shape of the male genital 
claspers. 

Data on Distribution. Appears to be widespread in Chile, S. A., 
and extends north into Peru, S. A. 
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South America 

Chile: Besides those from type localities, I have seen: Valparaiso, R. 
Martin 1922 (Paris Museum) ; “Fundort?” (Berlin Museum) ; Valdivia, Cham- 
elcha ^'Coll. Breddin” (Deutsches Entomologisches Museum, Berlin-Dahlem) . 

Peru : “Coll. Breddin” (Deutsches Entomologische Museum, Beiiin-Dahlem) . 

Notonecta vereerthmggheni Himgerford, 1928 

(Color Plate 11, fig. 3; Plate XIII, fig. 4) 

1928. N, vereertbruggheni Hungerford. Annals Ento. Soc. Amer., xxi, pp. 119, 120. 

1930. jy. vei'eerthruggheni Hungerford. Bull. Brooklyn Ento. Soc., xxv% p. 142, fig. 2 
(Male genital capsule). 

Size. Length, 11 mm. to 12 mm,; width of pronotum, 4.2 mm. 

Shape. Normal as viewed from above. From the side the thorax 
appears more elevated than usual 

Color. General facies dark, typical coloring as follows: Head, 
anterior half of pronotum and limbs yellow, the last named often 
somewhat clouded. Posterior half of pronotum darkened by the 
black mesothorax beneath, scutellum black. Hemelytra black 
streaked with tan; clavus with longitudinal streak of tan; corium 
with a longitudinal pale stripe that is often obliterated in the middle, 
leaving tan spots on base and distal field; membrane black. Venter 
dark, except connexivum, metaxyphus and parts of abdominal ven- 
ter (especially fourth sternite) which are yellowish brown. 

Structural Characteristics. Head depressed; anterior outline, as 
viewed from above, rounded; vertex shorter than its anterior width; 
anterior margin of vertex nearly as convex as and longer than the 
eye; anterior breadth of vertex : synthlipsis :: 3:2; synthlipsis more 
than three-fifths as wide as an eye, Pronotum about twice as long 
as the head; lateral margins not very divergent, straight; anterior 
angles embracing the, eyes; lateral ledge nearly horizontal in front 
two-thirds, somewhat deflected behind, shorter than rear margin of 
the eye below it. Lobes of membrane about equal Anterior tro- 
chanter of male with a hook. Mesotrochanter rounded. Last ab- 
dominal sternite of female notched at tip. Female gonapophyses 
(first pair) short. Male genital capsule as shown on Plate XIII. 

Location of Type. Francis Huntington Snow Entomological Mu- 
seum at the University of Kansas. Some paratypes in the U. S. N. 
M. Described from 15 males and 11 females taken by Mr, Vereert- 
brugghen, in whose honor the species is named. This series includes 
the holotype, allotype and paratypes, which were captured in Rio 
Negro territory of Argentina, South America. 

Comparative Notes. This species has the general facies of N. 
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fazi Hungerford from which it differs in the wider interocular space 
and in the shape of genital claspers of the males. > 

Data on Distribution, Known only from the type locality. 

CHECK LIST OF NOTONECTA—LmNMVs 

Subgenus Paranecta Hutchinson 

L N, lactitans Kirkaldy. (Africa.) 

2. N. minuta Hungerford. (Bolivia, S. A.) 

3. A. peruviana Hungerford. (Peru, S. A.) 

4. N , disturhata Kungevlord. (Brazil and Paraguay, S. A.) 

5. N. pulchra Hungerford. (Paraguay, S. A.) 

6. N. bifasciata Guerin. (Uruguay, S. A.) 

7. N, virescens Blanchard. (Chile, S. A.) 

8. N. bidrca Hungerford. (Chile, S. A.) 

9. N. bicircoidea Hungerford. (Southern Argentina, S, A.) 

10. N. sellata Fieber. (Argentina, Brazil, Paraguay and Bolivia, S. A.) 

11. N. polystolisma Fieber. (Brazil, S. A.) 

12. N. vereertbruggheni Hungerford. (Southern Argentina, S. A.) 

13. N, fazi Hungerford. (Chile and Peru, S. A.) 

14. N, variahilis Fieber. (Brazil, S. A.) 

15. N.indica Linnieus, (South, Central and North America.) 

16. N, confusa Hungerford. (South America.) 

17. N. undulata Say. (North America.) 

18. iV. distinctoidea Hungerford. (Mexico.) 

19. N. indicoidea Hungerford. (Mexico.) 

20. N. raleighi Bueno. (Southern U. S., America.) 

21. N, lunata Hungerford. (Northern U. S., America, and Canada.) 

22. N. unifasciata unijasciata Guerin. (Mexico.) 

23. A. u. cochisiana Hungerford. (Arizona, U. S. A.) 

24. N, u. angulata Hungerford. (South America.) 

25. N, u, andersoni Hungerford. (Western U. S. A. and B. C. Canada.) 

26. N. spinosa Hungerford. (Northwestern U. S. A. and B. C. Canada.) 

27. N. kiangsis Kirkaldy. (China and Eastern Siberia.) 

28. N. uhleri Kirkaldy. (Southeastern U. S. A.) 

29. iV. kirhaldyi Martin. (China.) 

30. N. saramoa Esaki. (Formosa.) 

31. N. chinensis Fallou. (China.) 

32. N. immediata Kiritshenko. (Eastern Siberia.) 

33. N. triguttata Motschulsky. (Japan.) 

34. iV. imulata Kirby. (Eastern U. S. A. and Canada.) 

35. N. kirhyi Hungerford. (Western U. S. A. and Canada.) 

36. N, impressa Fieber. (Mexico.) 

37. N, montezuma Kirkaldy. (Mexico and Texas, U. S. A.) 

Subgenus Bichromonecta Hungerford 

38. Ah melaena Kirkaldy. (Mexico.) 

39. N, ochrothoe Kirkaldy. (Southern California to Colombia, S. A.) 
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40. N. colombiana Hungerford. (Colombia, S. A.) 

41. N, repanda Hungerford. (Arizona to Mexico.) 

42. N. shoot eri Ubler. (California.) 

Subgenus Ertthrqnecta Hungerford 

43. N. hoffrnanni Hungerford. (California, Arizona and Lower 

California.) 

44. N, ceres ceres Kirkaldy. (Costa Rica.) 

45. iV. c. siirtoni Hungerford. (Mexico.) 

46. N. c. rogersi Hungerford. (Costa Rica.) 

47- N. conipacta Hungerford. (Mexico.) 

48. N. Tobusta Hungerford. (Mexico.) 

49. N. mexicana Amyot and Serville. (Mexico.) 

50. N. m, creaseri Hungerford. (Mexico.) 

51. N. hintoni Hungerford. (Mexico.) 

52. iV. lobata Hungerford. (New Mexico, Texas, Mexico.) 

Subgenus Notonecta Linnaeus 

53. N. maculata Fabricius. (Europe, North Africa east to India.) 

54. N. canariensis Kirkaldy. (Canary Islands.) 

55. N.paUidula Poisson. (Algeria and Morocco.) 

56. N. meinertzhageni Poisson. (Hoggar Mts., Sahara, Africa.) 

57. N. arahiensis Hungerford. (Arabia.) 

58. N, lutea Muller. (Northern Europe, Siberia.) 

59. N, borealis Bueno and Hussey. (Northern North America.) 

60. N. reuteri Hungerford. (Northern Europe.) 

61. N. viridis viridis Delcourt. (France and England.' 

62. N. V. mediterranea Hutchinson. (About Mediterranian and 

eastward to India.) 

63. N. IK kashmiriana Hungerford. (Kashmir.) 

64. N. gkmca glauca Linnaeus. (Europe.) 

65. N. g. poissoni Hungerford. (Asia Minor.) 

66. N. g. hyhrida Poisson. (Southern France to North x\frica.) 

67. N. g. rufescens Poisson. (Guernsey Islands.) 

68. N, g, jiilva Fuente. (Iberian Peninsula.) 

69. N. g. kirvillei Poisson. (Asia Minor.) 

70. N. nigra Fieber. (Brazil.) 

71. iV. obliqua obliqua Gallen. (Northern and Middle Paleavctic.) 

72. N. o. 7neridionalis Poisson. (About the Mediterranian.) 

73. N. 0 . delcourti Poisson. (Belgium and Northwest France.) 

74. N, amplijica Kiritshenko. (Southeastern Siberia.) 

75. N. violacea Kirkaldy. (Burma.) 

76. N. montandoni Kirkaldy. (China.) 

77. N. inorata Uhler. (Eastern North America.) 

Sub genus Enitharonecta Hungerford 

78. N. handlirschi Kii'kaldy. (Australia.) 
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ADDENDA 

(Incomplete references not seen by me) 

Malek. Biol. Zbl. L., p. 182, (A study of the orientation of iV. glauca L.) 
1930? 

Kertesz Rov.\rt. Lap. XXIV, p. 163. (Experiments on feeding habits of 
N. glauca L,) 1930? 




Text Figure 8. Male genital capsules of N, virescens Blanchard and N. peruvianas^ 
new species. Drawn by Philip Levereault. 
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COLOR PLATE I 

(Magnification approximately X S) 

„ Western Hemisphere Notonecta 

r XttUiib 

1. Notonecta irrorata Uliler. Range: Eastern Canada and eastern half of 

United States, from Canada to the Gulf and westward to eastern Kan- 
sas. (See page 92.) 

2. Notonecta indica Linn. Range: Across southern United States south of 

37® latitude and southward through insular America (Greater Antilles) 
and through Mexico to Colombia, S. A. (See page 113.) 

3. Notonecta undidoia Say. Range : Across southern Canada and throughout 

United States from coast to coast and south to northern Mexico. The 
most common species in the United States. (See page 117.) 

4. Notonecta borealis Bueno and Hussey. Range: Canada and northern- 

most states of the United States. Distribution inadequately known, 
but a Boreal species. (See page 95.) 

5. Notonecta lunata Himgerford. Range: Eastern Canada and eastern 

United States. (See page 107.) 

6. Notonecta shooteri Uhler. Range: The species (lat. sens.) ranges from 

Califonria through Arizona to Mexico. The specimen drawn is from 
Mexico, D. F. (See page 101.) 

7. Notonecta raleighi Bueno. Range: Southeastern states of United States. 

(See page 105.) 

8. Notonecta colomhiana Himgerford. Range: Described from Colombia, 

S. A., previously confused with N. shooteri Uhler. (See page 128.) 

9. Notonecta rriinuta Hungerford. Range: Described from Prov. del Sara, 

Bolivia, S. A. (See page 138.) 

10. Notonecta pulchra Hungerford. Range: This is a very common species 

in Paraguay, S. A. (See page 131.) 

11. Notonecta polystolisma Fieber. Range: Common in the region of Sao 

Paulo, Brazil, (See page 132.) 

12. Notonecta iinifasciata Gimin. Range: (Lat. sens.) From M^exico across 

western United States to western Canada, (Sec page* 109.) 

13. Notonecta distwhata Hungerford. Range: Known only from ‘vBrazil,'’ 

but doubtless region around Sao Paulo. (See page 140.) 
lA. Notonecta sellata Fieber. Range: Argentina, Paraguay and southern 
Brazil. (See page 139.) 

15. Notonecta nigra ‘FieheT. Range: Described from Brazil, but doubtful. See 

discussion under name. (See page 126.) 

16. Notonecta hicirca Hiingevfovd. Range: Chile, S. A. A common species 

easily confused with N. hicircoidea Hungerford and with N. idrcscens 
Blanchard. (See page 137.) 

17. Notonecta Hungerford. Range: Very common in Chile, ranging 

northward into Pera. (See page 142.) 
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COLOR PLATE II 

(Magni-ficatiou approximately X 8) 

Western Hemisphere Notonecta 

1. Notonecta ^nonleziom Kivkaldy. Range: Mexico into Tex U. S. A. 

(See pnge 82.) 

2. Notonecta indicoidea Hungerford. Range: Described from Mexco, D. F. 

(See page 123.) 

3. Notonecta vereertbnigghcni Hungerford. Range : Described from Rio 

Negro, teiTitory of Argentina. Compare with N. jazi Hungerford on 
Plate I. (See page 144.) 

4. Notonecta confusa Hungerford. Range: Known only by the type which 

was labeled “S, Amer.” (See page 130.) 

5. Notonecta borealis Bueno and Hussey. Range: See Plate I, figure 4, and 

this plate, figure 10. A study in melanchroism. (See discussion under 
this species, page 95.) 

6. Notonecta distinctoidea Hungerford. Range: Known only from Mexico. 

(See page 124.) 

7. Notonecta spinosa Hungerford. Range: Described from Utah and now 

known from Nevada, Montana, Oregon, and British Columbia, Canada. 
(See page 112.) 

8. Notonecta bicircoidea Hungerford. Range: Described from Rio Negro, 

territoiy of Argentina. Compare with N. bicirca Hungerford on Plate I. 
(See page 136.) 

9. Notonecta indica Linn. Range: (See Plate I.) This specimen has color 

of the type specimen, and until carefully studied led to confusion witli 
Notonecta unijasciaia Guerin. (See Plate I, figure 12, and page 113.) 

10. Notonecta Borealis Bueno and Hussey. (See figure 5 and page 95.) 

11. Notonecta virescens Blanchard. Specimen from Paris Museum. 

12. Notonecta rog&rsi Hungerford. Now considered by me to be a sul>sp(s‘ies 

of Notonecta ceres Kirkaldy. (See jiage 81.) 

13. Notonecta fnexiemta creaseri Hungerford, Range: Known only fr()m typf‘ 

locality in Mexico. (See jiage 77.) 

14. Notonecta rohusta Hungerford. Range: Type bears no Iabc‘l, I)ut I be- 

lieve it comes from Chiapas, Mexico. (Sec ]>age 78.) 

15. Notonecta rohiista? Hungerford. Range: Female siiecimeii from San 

Cristobal, Chiapas, Mexico, taken by A Dampf, and I l)elie\a^ it. to he 
female of N. rohusta. (See paige 78.) 





166 


The University Science Bulletin 


COLOR PLATE III 

(Magnification approximately X 3) 

Western Hemisphere Notonecta 

1. Notonecta insulata Kirby. Range: Eastern Canada and United States 

north of fortieth degree of latitude and east of one hundredth meridian. 
(See page 84.) 

2. Notonecta ceres Kirkaidy. Range: A common species in Costa Rica. 

The female shown in figure 3 was named as N. mexicana var. ceres and 
the male as N. mexicana var. hades by Kirkaidy. (See page 79.) 

3. Notonecta ceres Kirkaidy. (See note above.) 

4. Notonecta kirbyi Hungerford. Range: Western Canada and Western 

United States. Hemelytra more often red and black than like the 
illustration, (See page 88.) 

5. Notonecta lohata Hungerford. Range: Found in Texas, New Mexico and 

Arizona. An abundant species in Arizona. Have seen specimens 
labeled Mexico. In this species the females are colored as in figures 
5 and 10. The males are nearly always darker (see figures 11 and 13.) 
(See page 70.) 

^. Notonecta convpacta Hungerford. Range: Known from the states of 
Guerrero and Colima, Mexico. The males are nearly black as in N. 
ceres Kirkaidy and N. lohata Hungerford. (See page 73.) 

7. Notonecta melaena Kirkaidy. Range: States of Jalisco, Guanajuato and 

Lower California, Mexico. The typical color is darker than the speci- 
men shown. (See page 97.) 

8. Notonecta mexicana Amyot and Serville. Range: Mexico, but appears 

to be by no means as common as other species that have been mistaken 
for it, N. lohata Hungerford, for example, (See page 75.) 

9. Notonecta uhleri KivkMy. Range: In United States from Massachusetts 

south to Mississippi. Its western limit appears to be Illinois and south- 
ward, east of Mississippi River. (See page 103.) 

ID. Notonecta lohata Hungerford. (See figure 5.) A typical female. (See 
page 70.) 

11. Notonecta lohata Hungerford. A male, showing that the red males are 

darker than the females. (See page 70.) 

12. Notonecta hoffmanni Hungerford. Range: California and Arizona in the 

United States and Lower California in Mexico. (See page 68.) 

13. Notonecta lohata Hungerford. Range: (See figure 5.) The usual color 

of the male, and showing its size to be a little larger than the female 
(see figure 10). (See page 70.) 
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COLOR PLATE IV 

(Magnification approximately X 3) 

Eastern Hemisphere Notonecta 

1. Notonecta montandoni Kirkaldy. Range: Tibet, south and eastward in 

China, (See page 37.) 

2. Notonecta handlirschi Kirkaldy. Range: Known only from West Aus- 

tralia, Only member of the genus known from Australia. (See jiage 
27.) 

3. Notonecta lactitans Kirkaldy. Range: South Africa, and to date the only 

member of the genus known south of the Sahara. (See Plate V, figure 
12, for the male.) (See page 28.) 

4. Notonecta triguttata Motschulsky. Range: Japan; may occur in eastern 

China, but not confirmed by me. (See page 36.) 

5. Notonecta marmorea niarmorea. This is not N. m. marmorea Fabr. It 

comes from Morocco and may be a very pale specimen of N. viridis 
mediterranea Hutchinson, but I really believe that it is N. viridis viridis 
Delcourt. N. viridis mediten'anea Hutchinson typically has more nearly 
the color pattern of my N, viridis kashmiriana. (Plate V.) 

6. Notonecta ohliqua ohliqua Gallen. Range: Northern and middle pa lie- 

arctic. A well-known European species. (See page 51.) 

7. Notonecta luiea Muller. Range: Northern Europe. (See iiage 56.) 

8. Notonecta cananensis Kirkaldy. Range: Canary Islands, (See page 40.) 

9. Notonecta reuteri ’Eiingeriord. Range: Northern Europe. (See page 59.) 
jo. Notonecta glauca Linnieus. Range: Widely distributed over Euroi)e. 

(See page 46.) 

11. Notonecta violacea Kirkaldy. Range: Burma. (See page 45.) 
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COLOR PLATE V 

(Magnification approximately X 3) 

Eastern Hemisphere Notonecta 

1 . Notonecta arabienm Himgerford. Eange: Known only from type speci- 

mens from Arabia. (See page 44.) 

2. Notonecta pallidula Poisson. Range: Algeria and Morocco of North 

Africa. (See page 38.) 

3. Notonecta glauca poissoni Himgerford. This is one of the specimens men- 

tioned by Kirkaldy on page 421 of his revision. It comes from Mdli — 
Nousky, Erzerum. There are eight specimens of this in Vienna. (See 
page 49.) 

4. Notoiiecta amplifica Kiritshenko. Range: Southeastern Siberia. (See 

page 55.) 

5. Notonecta ohliqua meridionalis Poisson. Range: Around the Mediter- 

ranean. (See page 54.) 

Notonecta wimediata Kiritshenko. Range: Eastern Siberia. I cannot 
distinguish this structurally from N. tnguttata Motsch. (See page 35.) 

7. Notonecta kiangsis Kirkaldy. Range: Central and Northern China and 

Eastern Siberia. (See page 33.) 

8. Notonecta chvnensis Fallon. Range: A common species in China. (See 

page 31.) 

9. Notonecta kirkaldyi Martin. Range: Described from Yim-Nan-Nansen. 

China. (See page 30.) 

10. Notonecta maculata maculata Fabricius. Range: Western Europe, south 

from Denmark to North Africa and eastward to Baluchistan. 

11. Notonecta glauca julva Fuente. Range: Not well established, but de- 

scribed from Iberian Peninsula. The specimen shown is from Guernsey 
Island. This form needs further study as to identity and relationships. 
(See page 50.) 

12. Notonecta lactitans Kirkaldy. Range: (See Plate IV, figure 3.) This 

male was called variety Hygica by Kirkaldy, but is only the male of the 
aboA^e species. (See page 28.) 

13. Notonecta viridis kashmiriana Hungerford. Range : Kashmir. (See page 

65.) 

14. Notonecta w> viridis Delcourt according to Esaki. I believe should be N. 

viridis viridis Delcourt. Range: England and France. (See page 60.) 
The specimen here shown is an unusually highly colored specimen from 
Gravesend, England. 
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PLATE VI 

This plate illustrates the genera of the family Notonectidaj. 

Fiourb 

1. Notonecta. Anterior half of dorsum. V=: vertex; S = synthlipsis ; Sc. = 

scutellum. 

2. Enithares. Anterior half of dorsum. Note that the anterolateral margins 

of prothorax are foveate, indicated in drawing by F. 

3. Nychia. Shows the foveate prothorax. 

4. Martarega. Compare with figure 3. The genus Martarega is from Western 

Hemisphere, while Nychia is found in Africa. 

5. Notonecta. Middle femur, showing the anteapical tooth or pointed pro- 

tuberance, characteristic of the tribe Notonectini. 

6. Paranisops. On the left is the form with large scutellum and developed 

wings; on the right is the form with small scutellum and reduced ineta- 
thoracic wings. Note the claval orifice just behind the scutellum. 

7. Buenoa. Anterior half of dorsum to show the claval orifice (0) just behind 

the scutellum. In the key this is called the hemelytral commissure pit. 
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PLA.TE VU 

Figure 

1. Nychia. Genital capsule of male viewed from tlie left side. Note that the 

capsule is cleft behind and that the claspers or parameres are unlike on 
the two sides. (After Hutchinson.) 

2. Martarega, Side view of the head, showing the four-segmented airtenna; 

the terminal segment is small. Nychia has lost the terminal segment, 

3. Martarega. Genital capsule of the male viewed from the left side. Note 

that the capsule is cleft behind and that the claspers are unlike. (After 
Jaczewski.) 

4. Buenoa. Genital capsule of the male viewed from left side. The capsule 

is not cleft behind ; the claspers are unlike. 

5. Anisops. Left anterior leg of male (inside or anterior view) shows the 

one-segmented tarsus and stridular area (Str.) on tibia. 

6. Buenoa. Right anterior leg of male. Shows the two-segmented tarsus and 

stridular areas (Str.) on femur and tibia. 




176 


The University Science Bulletin 


PLATE VIII 

Figure 

1. Enithares brasiliemis Spinola. Genital capsule of male viewed from left 

side. 

2. Enithares brasiliensis Spinola. Genital capsule of male viewed from right 

side. Note the differences in claspers or parameres. 

3. Paranisops inconstans var. lutea Hale. Male genital capsule viewed from 

left side. The parameres (P) are alike, 

4. Notonecta handlirschi Kirkaldy (subg. Enitharonecta.) Male genital cap- 

sule viewed from the left side. The parameres are alike. 

5. Notonecta. Head and pronotum to show' the anterior margin of vertex for 

comparison with figure 8. 

6. Buenoa. Genital capsule viewed from right side. R. C. = right clasper 

L. C. = left clasper. 

7. Buenoa. Genital capsule view^ed from the left side. Note the differences 

in the parameres or claspers. L. C. = left clasper. R. C. = right clasper. 

8. Notonecta. Head and pronotum — to compare shape with figure 5. (See, 

also, Plate XVII, figure 4.) 

9. Notonecta lactitans Kirkaldy (subg. Paranecta.) Genital capsule viewed 

from the left side. 
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1. Enithares brasiliensis (left side). 2. Enitbares brasiliensis (right side). 



5. Notonecta — head and pronotum. 



8. Notonecta — head and pronotum. 


9. N. lactitans (subg. Paranecta). 
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PLATE IX 

Figure 

1. Notonecta Dorsal view: 

V = vertex. 

S = synthlipsis. 

A. angle = anterior lateral angle of the pronotiim. 

L. angle = lateral angle of pronotiini. 

P. angle == posterior angle of pronotum. 

0. = opaque zone of membrane. 

C. Z, = clear zone of membrane. 

A. L. = anterior lobe of membrane. 

?. L. = posterior lobe of membrane. 

2. Notonecta. Male, ventral view, showing antenna (A); beak, showing 

clypeus (C) ; the three pairs of legs, showing the hook on the anterior 
trochanters; metaxyphus and fourth abdominal sternite (4.) 

3. iV. undulata Say. Trochanter of male, to show the hook. This hook may 

be lacking in some species, represented by small proturbance or greatly 
enlarged as shown in figure 4. 

4. Notonecta shooteri Uhler. Anterior trochanter of male, to show greatly 

enlarged hook and basal proturbance. 

5. Middle leg of a Notonecta, with rounded trochanter. 

6. Trochanter and basal part of femur of a Notonecta, to show spinose 

mesotrochanter. 

7. Notonecta handlirschi Kirkaldy. Middle leg, without coxa. 

8. Notonecta lactitam Kirkaldy. Middle leg. 

9. Middle leg of a Notonecta to show the mesotrochanter with angle pro- 

duced. 
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PLATE IX 




2. Notonecta (venter). 



Hook 


3. N. undulata (male). 




7. N. haridlirschi.. 


9. Mesotrochantcr angle produced. 
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PLATE X 

Figurk 

1. Notonecta lohata Hungerford. Ventral view of abdomen of female. No(c 

that the carina of the fourth abdominal sternite (4th St.) is bare, that 
the fifth sternite is narrow and notched at tip and that the last ab- 
dominal sternite (L. St.) — typical for N . mexicana group—is character- 
istically different from the others. 

2. Notonecta montezxiina Kirkaldy. Ventral view of abdomen of female. 

Note that the carina is bare on fourth, fifth and most of sixth sternites. 
The last sternite is intermediate between the Notonecta undulata Say 
group and the Notonecta inorata Uhler group. 

3. Notonecta undulata Say. Ventral view of abdomen of female. Note the 

notch in the distal end of the fifth sternite and the notch in the tip of 
the last abdominal sternite. 

4. Notonecta inorata Uhler. Ventral view of abdomen of female. Note that 

the last abdominal sternite is large and constricted before the tip, which 
is not notched. 
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PLATE XI 

The Notonecta mexicam group. Male genital capsules 
viewed from the left side. Figures 4, 5, 8, and 9 are sketches 
of the tip of the ^'internal stay,” which in this group is large 
and strongly sclerotized. 
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PLATE XII 

The male genital capsules of some South ilmerican Noto- 
necta. Views from the left side. 
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PLATE XIII 


The male genital capsules of some American Notonecta be- 
longing to the subgenus Paranecta. 
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PLATE XIV 

The male genital capsules of Nolonecta unilasciata Guerin, 
its subspecies and close relatives. 
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PLATE XV 

The male genital capsules of some Notoiiecta. 

Figures 1, 2 and 4 are North American species nn<i ilu 
others are oriental. 

Figures 3, 5 and 8 are from China. 

Figure 6 is from Japan. 

Figure 7 is from Formosa. 
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PLATE XVI 

The male genitalia of some Notonecta of the subgenus 
Noxonecta. Figures 1 and 2 represent American species, the 
others are Old World species. In figure 7 the clasper has been 
drawn out to show its shape. 
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PLATE XVI 



6. N.m. fiilva. 


7. N.m. maculata. 
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PLATE XVII 

Male genital capsules of the subgeniis Notonecta. (Eastern lieniisphere.) 
Figures 1 and 2 are of species related to iV. boreaUs Bueno, and Hussey, on 
Plate XVI, figure 2. 

Figure 4 shows the acute anterolateral angles of the pronotum. Compare 
with Plate VIII, figure S. 

Figures 6 and 11 are oriental species. 

Figure 8. The left parameres or claspers of N. pallicbda Poisson (left) and 
of N, maciilata Fabr. (right). (After Poisson.) 

Plgure 13. Head and pronotum of N, macidata Fabr. (After Poisson.) 
Figure 14. Head and pronotum of N. pallidula Poisson. (After Poisson.) 
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Abstract; This paper gi\’es the key to the eleven genera of Belostomatida^ 
and keys to the genera Lethocerus and Diplonychus, together with descrip- 
tions of three new’ species of Lethocerus. 


T he giant water bugs have attracted more attention than any of 
the other aquatic Hemiptera. They have been called ‘^fish 
killers” and are quite widely known in this country under the name 
“electric-light bugs.” These large insects measure from 40 to 110 
mm. in length. They live and develop in ponds and other water 
bodies, where they feed upon small fish and any other small animals, 
including insects which they can capture. At night the adults take 
wing and are attracted to street lights, where because of their large 
size they command attention. 

The family Belostomatidse comprise, for the most part, large, flat, 
brown bugs, with hind legs ciliated and flattened for swimming. 
They bear short, flat, straplike appendages at the tip of the ab- 
domen; these are retractile. The antennse are hidden in pockets 
beneath the eyes, and the front legs are raptorial. The family can 
be divided roughly into the “giant water bugs” and the “toebiters,” 


* Contribution from the Department of Entomology, University of Kansas, 
t It is with deep regret that I must report the untimely death of Carl Oummings two 

days after lie submitted this paper in partial fulfillment for the requirement of the master 
of arts degree. Mr. Cummings, in company with two other young men, was on a collecting 
expedition up the Kaw river, when rough water capsized the canoe, and Mr. Cummings, 
although a strong swimmer, could not overcome the handicap of the heavy clothing he was 

wearing and went down in thii-ty feet of water. The death of this promising young man is a 

real loss to science, because he has demonstrated in this paper an unusual ability to fix upon 
structural characters of specific value that have been overlooked by former students of this 
difficult family. To my mind, Mr. Cummings has given us the first satisfactory key to the 
genus Lethocerus. It was his intention to undertake the study of the genus Belostoma as his 
next assignment. — H. B. Hungerford. 
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The former comprise the genera Lethocerus, Benacus, Kirkaldyia 
and Diplonychus ; the latter include the remaining genera. Diplony- 
chus is included, for convenience, in the first group because it con- 
tains a species or two of large size. The habit of depositing the eggs 
on the back of the males, as in Belostoma and Sphserodema, however, 
really relate it to the second group. 

Since there are only one or two species in Benacus and Kirkaldyia, 
it is necessary only to provide a key for Lethocerus and Diplonychus. 

Key to Genera of Belostomatid^e 


(Based upon Bueno, Can. Ento., 1907, p. 333, with the addition of Horvathinia Montandon 
and Kirkaldyia Montandon) 

A. Anterior femora not sulcate .Benacus Stal. 

(See p. 200) 

AA. Anterior femora sulcate. 

B. Anterior tarsi without claws Horvathinia Montandon. 

BB. Anterior tarsi with claws, 

C. Anterior tarsi with two claws. 

D. Claws of anterior tarsi of equal length, minute. 

B. Anterior femora more or less incrassate, much larger than tibiffi. 

E. Species with two sulci between the eyes Nectocoris Mayr. 

FF. Species without such sulci .Sphcerodema Laporte. 

EE. Anterior femora scarcely incrassate, but little larger than 

tibise Limnogeton Mayr. 

DD. Claws of anterior tarsi of equal or unequal length but elongate. 

Diplonychus Laporte. 
(See p. 214) 

CC. Anterior tarsi with one claw. 

D. Head conically produced, rostrum long, thin. 

E. Membrane of hemelytra large Belostoma Latreille. 

EE. Membrane of hemelytra much reduced Abedus Stal. 

DD. Head not conically produced, rostrom short, stout. 

E. Front femur with tw'o unequal sulci for reception of tibia. 

Kirkaldyia Montandon. 

EE. Front femur with two equal sulci for reception of tibia. 

Lethocerus Mayr. 
(See p, 198) 

Key to Species op Lethocerus Mayr (Western Hemisphere) 

(Note. — ^In this key the interocular space is measured at its narrowest place, and measure- 
ments on tibia and tarsus do not include fringe of hair.) 

A. Under side of posterior tibia with inner apical angle produced into a sharp point, f 
B. Posterior tibia half as wide as front femur. 

C. "Upper margin of eye straight as viewed from the front... .L. coUosicus Stal. 

(See p. 205) 

CC. Upper margin of eye rounded as viewed from the front. 

D. Lateral margins of pronotum broadly foliaceous (thin). 

L. camposi Montandon. 

(See p. 204) 


t Species from Africa, Madagascar and the Orient belong in this first section. The outer 
margin of hind tibia is nearly straight in Lethocerus mloticum Stal from Africa and in 
Lethocerus insulanum Mont, from New Guinea and New ' Caledonia, while in Lethocerus 
indicus L. and a j^ecies from Madagascar, L. ocn^tus (Mont.), the hind tibia is broader and 
the outer margin is curved. Montandon has desiipiated a species from Queensland, Australia, 
imder the name B. edentulum that is like his B. insulanum except it does not have the inner 
apical angle of the posterior tibia produced into a sharp point. 
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DB. Lateral margins of pronotum not broadly foliaceous. ,L. angustipes Mayr. 

(See p. 202) 

BB. Posterior tibia at least two-thirds as wide as front femur. 

C. Anterior and posterior femora equal in length, median longitudinal fuscous 

stripe on front of head narrow.* L. grandis Lmnjeus. 

(P. 208) 

CC. Anterior femur longer than posterior femur, median longitudinal fuscous 

stripe on front of head wide L. largus Cummings 

(p. 210) 

AA. Under side of posterior tibia with inner apical angle not produced into a sharp point. 

B. Interooular space equal to width of eye L. amerkanus Leidy 

(p. 201) 

BB. Interocular space not over three-fourths width of eye. 

C. Interocular space greater than width of hind tarsi. 

B. Metaxyphus not sharply pointed posteriorly L. truncatus sp. nov. 

(p. 212) 

BD. Metaxyphus sharply pointed posteriorly. 

E. Two longitudinal fuscous stripes on abdominal venter. 

L. annvlipes Herrich -Schaffer. 

(p. 203) 

EE. No fuscous stripes on abdominal venter. 

F. Interocular space nearly equal to width of hind tarsus, 
abdomen tesselate with fuscous spots. 

L, mello-ldtaoi De Carlo, 
(p, 211) 

FF. Interocular space one-fifth greater than hind tarsus. 

Abdomen reddish, not tesselate L. uhleri Montandon. 

(p. 213) 

CC. Interociilar space less than width of hind tarsus. 

D. Abdomen with fuscous margin, anterior tarsi white, .L. dilatus sp. nov. 

(p. 208) 

BD. Abdomen without fuscous margin, anterior tarsi not white. 

E. Outer margin of hind tibia more curved than inner margin, 
under surface of tibia mostly light brown. . .L. del pontei Be Carlo. 

(p. 206) 

EE. Outer margin of hind tibia no more cun^ed than inner margin, 

under surface of tibia mostly fuscous. . . .L, mello’-leitaoi De Carlo. 

(p. 211) 


The Old World species of Lethocerus known to me may be sep- 
arated by the following key; 

A. Under side of posterior tibia with inner apical angle produced into a sharp point. 

B. Posterior lobe of pronotum with distinct continuous median longitudinal earina. 

C. Width of interocular space in front a little more than % transverse 
diameter of an eye. 

D, Divergent yellow lines on anterior lobe of pronotum broad. Byes 

elongate, nearly twice as long as wide... L. indkv^ (L.). 

DD. Divergent yellow lines on anterior lobe of pronotum slender. Eyes 
less elongate, only 1^/^ times as long as wide. 

L. niloticus (Stal.) and var. persicus (Mont.). 
CC. Width of interocular space in front less than one- half transverse diameter 

of an eye. Eyes large L. ocvlatus (Mont.). 

BB. Posterior lobe of pronotum without a continuous distinct median longitudinal 

Carina U. insulanum (Mont.). 

A A. Under side of posterior tibia with inner apical angle not produced into a sharp 

spine edentulum (Mont.). 
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Benacus griseus (Say), 1832 

1832. Belostorua griseus Say. Heter. New Harmony, p. 37, (Fitch reprint, p. 809). 
Compl. Writ., I, p. 365. 

1863. Belostoma griseus (Say) Dufour. Ann. Soc. Ento. Fr., ser. 4, III, p. 400. 

1876. Benacus griseus (Say) Uhler. Bnl. XJ. S. Geol. Geog. Surv,, I, p. 337. 

1878. Benacm griseus (Say) Uhler. Proc. Bost. Soe. Nat. Hist., XIX, p. 441. 

1884. Be?iacus griseus (Say) Uhler. Stand. Nat- Hist., II, p. 256. 

1894. Benacus griseus (Say) Van Duzee. Bui. Buf. Soc. Nat. Sci., V, p. 185. 

1905. Benacus griseus (Say) Howard. Insect Book, p. 248, fig. 4. 

190^5. Benacus griseus (SaiO Bueno. Jl. N. Y. Ento. Soc., XIII, p. 434. 

1907. Benacus griseus (Say) Bueno and Brimley. Ento. News, XVIII, p. 434. 

1908. Benacus griseus (Say) Bueno. Jl. N. Y. Ento. Soc., XVI, p. 237. 

1909. Benacus griseus (Say) Van Duzee, Bui. Buf. Soc. Nat. Sci., IX, p. 184. 

1914. Benacus griseus (Say) Barber. Bui. Am. Mus. Nat. Hist., XXXIII, p, 498. 

1919. Benacus griseus (Say) Hungerford. Sci. Bui. U. of Ivans., voi. XI, col. pi. 11, fig. 5. 

1926. Benacus griseus (Say) Blatchley. Het. of East. N. A., p. 1042. 

The following also refer to Benacus griseus Say: 

1847. Belostoma haldemanus Leidy. Jl. Acad. Nat. Sci. Phil., ser. 2, I, pp. 59, 66. 

1853. Belostoma rinpressus Haldermann. Proc. Acad. Nat. Sci. Phila., VI, p, 364. 

1854. Belostoma harpax Stal. Of. Vet. Akad, Forh., XI, p. 240. 

1856. Belostoma angustatus Guerin. Sagra, Hist, de Cuba, VII, p, 176. 

1861. Benacus haldemanus (Leidy). Stal, Of. Vet. Akad. Forh., XVIII, p. 205. 

1863. Benacus haldemanus (Leidy). Dufour, Ann. Soc. Ento. Fr., ser. 4, HI, p. 363, 

1871. Benacus haldemanus (Leidy). Mayr, Verb. Zool. Bot. Ges. Wien, XXI, p. 428. 

Size. Medium-sized species. Length, 47 mm. to 64 mm.; width, 
18.5 mm. to 25 mm. 

Shape. Body elongate oval with lateral margins of hemelytra 
slightly dilated. Pronotum convex, with lateral margins straight. 

Color. General color medium brown. Anterior lobe of pronotum 
fuscous, margined on front and sides with brown; a broad median 
brown stripe arising on anterior margin and continuing to posterior 
margin of lobe. Scutellum. with large fuscous rectangular area. 
Hemelytra brown with distal third ligliter. Abdomen medium 
brown. Legs medium brown and unmarked. 

Structural Characteristics. Front of head without a longitudinal 
median carina. Pronotum smooth. Length of first segment of front 
tarsus equal to second on outer margin, binder side of posterior 
tibia with inner apical angle not produced into a sharp point. Female 
operculum minutely bidentate at apex, male operculum not biden- 
tate. Metaxyphus sharply pointed posteriorly. Width of hind 
tarsus greater than interocular space. 

Comparative Notes. This species differs from those of the genus 
Lethocerus in not having grooves in the front femora for reception 
of tibiae. 

Types. Are unknown. 

Data on Distribution. Kansas: Douglas Co., William Hoffman, 
July 8, 1920; May 24, 1918; Douglas Co., H. B. Hungerford. 
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Texas: Galveston, May, F. H. Snow; Sutton Co., 7:16:28, R. H. 
Beamer. Florida: Palm Beach; Inverness, 8:1:30, Paul W. Oman. 
Cuba: Rio Almendares, Marinao Fyov.^ Havana, May 24, 1922, P. 
J. Bermudez; Nov., 1932, P. J. Bermudez. 

Lethocerus arnericanus (Leidy), 1847 

1847. Belostoma americanum Leidy. J. Acad. Nat. Sci. Pliila., VI, pp. 58, 66. 

1876. Belostoma americanum Leidy. Uhler, Bui. U. S. Geol. Geog. Siirv., I, p. 337. 

1878. Belostoma aiA&ncanum Leidy. Uhler, Proc. Bost. Soc. Nat. Hist., XIX, p. 441. 

1884. Belostoma americanum Leidy. Uhler, Stand. Nat. Hist,, II, p. 256. 

1894. Belostoma americanum Leidy. Van Duzee, Bui. Buf. Soc. Nat. Sci., V, p. 185. 

1895. Belostoma americanum Leidy. Gillette and Baker, Hemip. Colo., p, 63. 

1896. Belostoma americanum Leidy. Montandon, Ann. Soc. Ent. Belg., XL, p. 512. 

1905. Amorgius arnericanus (Leidy). Bueno, Jl. N. Y. Ent. Soc., XIII, p. 44. 

1908. Lethocerus arnericanus (Leidy). Bueno, Jl. N. Y. Ent. Soc., XVI, p. 237. 

1914. Lethocerus arnericanus (Leidy). Barber, Bui. Am. Mus. Nat. Hist., XXXIII, 
p. 498. 

1914. Lethocerus arnericanus (Leidy). Parshley, Psyche, XXI, p. 140. 

1925. Lethocerus arnericanus (Leidy). Comstock, Intr. to Ent., p. 366. 

1926. Lethocerus arnericanus (Leidy). Blatchley, Het. of East. N. A., p. 1043. 

1928, Lethocerus arnericanus (Leidy). Metcalf & Flint, Dest. Use. Insects, p. 190, fig. 114. 

The following also refer to L. americanns Leidy: 

1861. Belostoma griseum Stal. Of. Vet. Akad. Forh., XVIII, p. 206. 

1863. Belostoma litigiosum Dufour. Ann. Soc. Ent. Fr., ser. 4, III, p. S83. 

1863. Belostoma ohscurus Dufour. Ann. Soc- Ent. Fr., ser. 4, HI, p. 383. 

1871. Belostoma griseum Dufour. Mayr, Verb. Zool. Bot. Ges. Wien, XXI, p. 427. 

1886. Bidlostoma grande Dimmock. Mass. Fish and Game Comm., p. 69. 

1896. Belostoma obscurum Dufour, Montandon, Ann. Soc. Ent. Belg., XL, p. 512. 

1905. Amorgius ohscurus (Dufour). Bueno, Jl. N. Y. Ent. Soc., XIII, p. 44. 

1905. Benacus griseus Say. Howard, Insect Book, p. 266, p. xxix, fig. 36. 

1915. Lethocerus ohscurus (Dufour). Bueno, Psyche, XXII, p. 17. 

1926. Lethocerus ohscurus (Dufour). Blatchley, Het. of East. N, A,, p. 1044. 

Size, Medium-sized species. Length, 40.5 mm. to 61.5 mm.; 
width, 16.5 mm. to 24 mm. 

Shape. Body elongate oval, with lateral margins of hemelytra 
slightly dilated. Thorax convex with lateral margins almost straight. 

Color. General color medium brown. Pronotum brown with a 
median pair of light-brown lines arising on anterior margin and ex- 
tending back about one-third the length of anterior lobe. Scutellum 
with large fuscous rectangular area. Hemelytra brown with distal 
third lighter. Abdomen medium brown. Middle and hind femora 
with three transverse fuscous stripes ; front legs and middle and hind 
tibise usually indistinctly marked. 

Structural Characteristics. Front of head with indistinct longi- 
tudinal median carina. Interocular space at narrow^est place about 
equal to width of eye. First segment of front tarsus in ratio of 
10 to 13 to second segment measured on outer margin. Under side 
of posterior tibia with inner apical angle not produced into a sharp 
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point. Female operculum with two sharp points at apex; male 
operculum without points. Metaxyphus sharply pointed posteriorly. 

Cofnparative Notes. This species differs from other species of 
Lethocerus in having the interocular space at narrowest place equal 
to width of eye. L. obscurus (Dufour) has been applied to small 
males of L. americanus (Leidy) and is not a good species. 

Types. Location not known. 

Data on Distribution: Michigan: Mich., Chickering, May 3j 
1930; Douglas Lake, Biyant Bog, Aug. 3, 1923, and Aug. 17, 1923, 
H. B. Hungerford; Douglas Lake, Sedge Point Pool, 1932, also 
July 3, 1923, and July 6, 1923, H. B, Hungerford; Douglas Lake, 
July 20, 1926, H. B. Hungerford. New York: White Plains, May 
14, 1907; West Point, Sept. 11, 1926, W. Robinson; Queens, L. I., 
P. M. Schott; Ithaca, H. L. Zabristic; Long Island. New Jersey: 
Brown’s Mills, Patterson. Washington, D. C.: Washington, D. C.. 
D, H. Clemons. Wisconsin: Cranmoor, C. W. Hooker, Delaware: 
Del. Water Gap. Ohio: Geauga Co., Oct. Kansas: Lawrence, 
F, H. Snow; Harvey Co., Aug. 27, 1917; Lawrence, May 9, 1920; 
H. B. Hungerford; Lawrence, W. Hoffman. Nevada: Meapa, G. F. 
Knowlton, April 24, 1923. Utah: Logan, Aug. 15, 1910; May 6. 
1910; Nov. 1, 1922; Oct. 11, 1909; Lehi, May 27, 1930; G. F. KnowL 
ton; Vineyard, Tom Spaulding. Oregon: Lost River, Alene. Cali- 
fornia: Sacramento, April 29, 1908, E. D. Ball; Eureka, H. S, 
Barber; San Jose. 

Lethocerus angustipes (Mayr) , 1871 

1871. Belostoma avgiisiipes Mayr. Verb. Zool.-Bot. G'es. Wien, XXI, p. 427. 

1896. Belostoma angmtipes Mayr. Montandon, Ann. Soc. Ent. Belg., XL, p. 611. 

1901. Belostoma angustipes Mayr. Champion, Biol. Centr. Am., Heter., II, p. 868, pi. 
22 , ,%, 3 . 

1909. Lethocerus angustipes Mayr. Kirkaldy & Bueno, Proc. Ent. Soc. Wash., X, p, 188. 

1917. Lethocerus angustipes Mayr. Van Duzee, Cat. of Hemiptera, p. 466. 

Size. Medium sized species. Length, 47 mm. to 68 mm. ; width, 
21.5 mm. to 28 mm. 

Shape. Body elongate oval with lateral margins of hemelytra 
almost parallel. Thorax convex with lateral margins slightly 
curved. 

Color. General color medium brown. Anterior lobe of pronotum 
fuscous, margined on front and sides with light brown; a median 
pair of light-brown lines arising on anterior margin and extending 
back about one-third the length of lobe. Scutellum with large rec- 
tangular fuscous area which is divided on front half by a slender 



Cummings: The Giant Watee Bugs 


203 


median longitudinal line. Hemelytra brown with distal third 
lighter. Abdomen mostly fuscous with outer margin light brown. 
Markings on legs often indistinct, broad fuscous longitudinal streak 
on upper side of front femur which is nearly immaculate beneath. 

Structural Characteristics. Eyes broadly rounded on upper mar- 
gin. Front of head not medianly carinate. Surface of pronotum 
smooth, with lateral margins thin at extreme edge, but not broadly 
foliaceous. Under side of posterior tibia with inner apical angle 
produced into a sharp point. Width of posterior tibia equal to in- 
terocular space at narrowest place, and equal to one-half the width 
of front femur. Lateral margins of posterior tibia nearly straight. 
Posterior end of metaxyphus sharply pointed posteriorly, with an- 
terior end not abruptly elevated into “a point. Apex of female 
operculum feebly bidentate, male operculum not bidentate. 

Comparative Notes. This species differs from L. camposi Mon- 
tandon in being smaller and in having the lateral margins of the 
pronotum not foliaceous, and from L. niloticum Stal and L. in-- 
sulanum Montandon in having the hind tibia equal to the interocuhu' 
space. 

Types. Doctor Hungerford says there are specimens in the Mu 
seum at Vienna, evidently studied by Mayr. 

Data on Distribution. United States: Death Valley, Nev., T S 
Galmer. Mexico; Durango, Dr. E. Palmer; Mex. R. Muller; 
Zitacuaro, Michoacan, 8-5-1932; Dist. Fed., por Ancona; Colima. 

Lethocerus annulipes (Herrich-Schaffer) , 1846 

1846. Belostoma annulipes H.-S. Wanz. Ins., VIII, p. 28, figs. 803, 804. 

1865. Belostoma annulipes H.-S. Mayr, Hemip., pp. 185, 186. 

1871. Belostoma armulipes H.-S. Mayr, Verb. Zool. Bot. Ges. Wien, XXI, p. 427. 

1930. Lethocerus annulipes H.-S, De Carlo, Key, de la Soc. Eat. Arg., p. 107, pi VI, 
figs. 21 and 23. 

The following also refer to L. annulipes H.-S. : 

1863. Belostoma reficeps Dufour. Ann, Soc. Ent. Fr., ser. 4, III, p. 382 (?). 

1863. Belostoma signoreti Dufour. Ann. Soc. Ent. Fr., ser. 4, III, p. 382 (?). 

1863. Belostoma disiinctum Dufour. Ann. Soc. Ent. Fr,, ser. 4, III, p. 382 (?). 

1896. Belostoma mayri Montandon. Ann. Soc. Ent. Belg., XL, p. 514. 

Size. Medium-sized species. Maximum length, 75 mm.; maxi- 
mum width, 26% mm.; minimum length, 53 mm.; minimum width, 
21 mm. 

Shape. Body elongate oval with lateral margins of hemelytra 
nearly parallel. Thorax convex with lateral margins distinctly 
curved. 

Color. General color medium brown. Pronotum brown with a 
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median pair of light-brown lines arising on anterior margin and ex- 
tending back about one-third the length of anterior lobe. Scutellum 
with large fuscous rectangular area. Hemelytra brown with distal 
third lighter. Abdomen light brown; a pair of fuscous stripes be- 
ginning on the anterior margin of second segment and ending on 
sixth. Middle and posterior tibise and femora each with three trans- 
verse fuscous stripes on ventral side. Front legs indistinctly marked. 

Stmcticral Characteristics, Front of head without a longitudinal 
median carina. Pronotum smooth. Width of interocular space at 
narrowest place is greater than width of hind tarsus. Length of 
first segment of front tarsus one-half that of second on outer mar- 
gin. Underside of posterior tibia with inner apical angle not pro- 
duced into a sharp point. Female operculum minutely bidentate at 
apex, male operculum not bidentate. Metaxyphus sharply pointed 
posteriorly. 

Comparative Notes. This species differs from other species of 
Lethocerus in having two longitudinal fuscous stripes on lower side 
of abdomen. 

Types. Described from South America, location of type unknown. 

Data on Distribution. United States: Palm Beach, Florida (W. 
Robinson bequest). Bra 2 ;il: Ypirango, S. Paulo, S. A., Rbt. Spitz, 
1-20-26, 1-27-24, 2-7-24; St. Gatharina; Buenos Ar. Rep., Arja, 
Brazil, 8. A., Alfredo Faz, 1921; Brazil, E. C. Green. Argentina: 
leano-Rio Salado, Santiago del Estero, S. A., Fives Lille, Santa Fe, 
A. Bruch, 1923; Bs. Aires, C. S. Reed; Buenos Aires, Argentine 
Republic, S. A., H. T. Martin. British Guiana: Plantation Ecceles, 
E. Bank Demerara River, S. Harris, 4-4-32. French Guiana: St. 
Laurent, Guyana. Paraguay: Villarrica, Paraguay, S. A., Fran. 
Scliade, 10-29-29, 9-10-23. Colombia: Colombia, S. A. Venezuela: 
Caracas, H. Pittier. Porto Rico: Porto Rico, E. A. Wagerrin. 

Lethocerus camposi (Montandon), 1900 

1900. Amorgius campo&i Montandon. Bui. de la Soc. des Sci. de Buc., p. 561. 

Size. Large species. Length, 77 mm. to 85 mm. ; width, 30 mm. to 
32 mm. 

Shape. Body elongate oval with lateral margins of hemelytra 
almost parallel. Pronotum convex with lateral margins curved. 

Color. General color medium brown. Anterior lobe of pronotum 
fuscous, margined on front and sides with brown; a median pair of 
brown lines arising on anterior margin and extending back about 
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one-third the length of lobe; a pair of conspicuous brown oval spots. 
Scutellum with large rectangular fuscous area. Hemelytra brown 
with distal third lighter. Abdomen brown with margin lighter and 
tesselate with fuscous spots. Middle and hind femora with three 
transverse fuscous stripes on ventral side; legs otherwise not dis- 
tinctly marked. 

Structural Characteristics. Eyes broadly rounded on upper mar- 
gin. Front of head with longitudinal median carina. Lateral mar- 
gins of pronotum broadly foliaceous; posterior lobe rugose^ anterior 
lobe rough, but not rugose. Underside of posterior tibia with inner 
apical angle produced into a sharp point. Width of posterior tibia 
less than half that of anterior femur. Lateral margins of hind tibia 
nearly straight. Metaxyphus sharply pointed posteriorly with 
anterior end not abruptly elevated into a point. Apex of female 
operculum feebly bidentate, male operculum not bidentate at apex. 

Comparative Notes. This species differs from L. collosicus Stal 
in being lighter in color and in having the upper margin of eye 
rounded; L. niloticwn Stal, L. insulanum Montandon, and L. angus- 
tipes Mayr in having the lateral margins of pronotum broadly 
foliaceous. 

Types. Described from Guayaquil, Ecuador. In Montandon’s 
collection, Bucharest. 

Data on Distribution. Ecuador: Guayaquil, Duran, F. Campos, 
(Specimen compared with cotype); Guayaquil, F. W. Goding; 
Guayaquil, F. Campos. 

Lethocerus collosicus (Stal), 1854 

1854. Belostoma collosicus Stal. Ofv. Vet.-Ak. Forh., XI, p. 230. 

1861. Belostoma coUossicum Stal. Ofv. Vet.-Ak. Porh., XVIII, p. 205. 

1863. Belostoma colossicum Stal. Dufour, Ann. Soc. Ent. Fr., ser, 4, III, 381. 

1865. Belostoma colossicum Stal. Mayr, Hemiptera, p. 184. 

1871. Belostoma colossicum Stal. Maj-r, Verb, Zool.-Bot. Ges. Wien, XXI, pp. 423, 425, 

1884. Belostoma collosicum Stal. tJhler, Stand. Nat. Hist., II, p, 256. 

1895. Belostoma colossicum Stal. Mont., Ann. Soc. Ent. Belg., pp. 472-477, fig. 2. 

1901. Belostoma colossicum Stal. Champion, Biol. C.-Am., Hem.-Het., II, pL 22, fig. 4. 

1906, Amorgius colossicuvi (Stal). Bueno, Ent. News, Feb., p. 55. 

1909 — Lethocerus colossicus (Stal). Kirkaldy and Bueno, Proe. Ent. Soc. Wash., X, p. ISS. 

Size. Large species. Length, 72 mm.-85 mm. ; width, 31 mm.-34 
mm. 

Shape. Body elongate oval with lateral margins of hemelytra 
somewhat dilated. Head, short, as seen from above. Thorax con- 
vex with lateral margins widely rounded. 

. Color. General color nearly black. Lateral margins of heme- 
lytra coarsely tesselate with light brown. Median and posterior 
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tibia 3 and femora each with two narrow transverse light-brown 
stripes. 

Structural Characteristics, Front of head with a longitudinal 
median carina. Eyes triangular in appearance when viewed from 
the front, with upper margin of eye straight. Pronotum rugose with 
lateral margins broadly foliaceous (thin). Underside of posterior 
tibia with inner apical angle produced into a sharp point. Front 
femur more than twice as wide as hind tibia, wiiich has its lateral 
margins almost straight. Metaxyphus sharply pointed posteriorly, 
with anterior end not abruptly elevated into a point. Posterior end 
of female operculum minutely bidentate at apex, male operculum not 
bidentate at apex. 

Comparative Notes. This species differs from L. camposi Mon- 
tandon in being darker in color and in having the upper margin of 
eye straight. 

Types. Types in collection of Signoret. 

Data on Disbihution. Cuba: Santiago, Cuba; Cuba, Nov. 1932, 
P. J. Bermudez; Central San Antonio, Madruga, Prov. Havana, 
Cuba, P. J. Bermudez, 6-8-32. Mexico: Campeche, E. P. Greaser; 
Mexico, W. T. McDonald. Yucatan: Yucatan, E. P. Greaser. 
Jamaica: Jamaica, J. H. Andrews. Panama: Panama, J. W. 
Green. 

Lethocerus del pontei De Carlo, 1930 

1930. Lethocerus del pontei De Carlo. Rev. de la Soc. Ent. Arg., No. 13, p. 108, pi. 
VII, fig. 24. 

1932. Lethocerus del pontei De Carlo. Rev. de la Soc. Ent. Arg., No. 8, p. 2X7. 

The following also refer to Lethocerus del pontei De Carlo: 

1876. Belostoma annuUpes H.-S. Uhler, Bui. U. S. Geol. Geog, Surv., I, p. 837. 

1894. Belostoma annulipes H.-S. phler, Proc. Cal. Acad. Sci., ser. 2, IV, p. 291. 

1895. Belostoma annulipes H--S. Gillete and Baker, Heraip. Colo., p. 03. 

1896. Belostoma annulipes H.-S. Montandon, Ann. Soc. Ent. Belg., XL, p. 616. 

1901. Belostoma annuUpes H.-S. diampion, Biol. Centr. Am., Heter,, II, p. 367, pi. 22, 
fig, 3. 

1906. Amorgius annulipes H.-S. Bueno, Ent. News. Feb., p. 55. 

Size. Medium-sized species. Maximum length, 71 mm., maximum 
width, 27% mm.; minimum length, 52 mm., minimum width, 21 mm. 

Shape. Body elongate oval with lateral margins of hemelytra 
slightly dilated. Pronotum convex with lateral margins nearly 
straight. 

Color. General color medium brown. Pronotum brown with 
lateral margins lighter; a median pair of light-brown lines arising 
on anterior margin and extending back about one-third the length- 
of anterior lobe. Scutellum with large fuscous rectangular area. 
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Hemelytra brown with distal third lighter. Abdomen reddish- 
brown, thinly tesselate with fuscous spots. Mesosternum with large, 
irregular fuscous spot on midline, fuscous markings not prominent 
on either side of midline. Anterior tibia with three transverse fuscous 
stripes on both sides; middle and posterior femora and tibim with 
three transverse fuscous stripes on lower side; markings on legs 
often indistinct or absent. 

Structural Characteristics. Front of head without a longitudinal 
median carina. Pronotum smooth. Width of eye nearly twice that 
of interocular space which is not as wide as hind tarsus. Length of 
first segment of front tarsus one-half that of second on outer mar- 
gin. Underside of posterior tibia with inner apical angle not pro- 
duced into a sharp point. Female operculum with two sharp points 
at apex, male operculum without points. Metaxyphus sharply 
pointed posteriorl^u Outer margin of hind tibia more curved than 
inner margin. 

Comparative Notes. This species differs from L. dilatus Cum- 
mings in having the outer margin of the abdomen not fuscous, and 
from L. mello-leitaoi De Carlo in having different color markings 
on lower side and in having outer margin of hind tibia more curved 
than inner margin. 

Types. National Museum of Natural History, Buenos Aires. 
Holotype from Argentina. 

Data on Distribution. Arizona: Santa Cruz Co., 8-4-1927, L. D. 
Anderson; Patagonia, 8-4-27, R. H. Beamer; Chiricahua Mts., 7-8- 
32, R. H. Beamer; S. W. edge Tuscon, 7-20-32, R. H. Beamer; 
Nagales. Texas: Jim Wells Co., 7-24-28, R. H. Beamer; Valentine, 
July 13, 1927, R. H. Beamer; Victoria, J. D. Mitchell; Brownsville. 
Cuba: Rio A’mendares, Marinao Prov, Havana, May 24, 1932, P. 
J. Bermudez. Havana, Cuba, Palmer and Riley; Guantanamo. 
Jamaica: Alligator Pond, Jamaica; Claremont, E. Perkins. Porto 
Rico: San Juan. San Salvador: San Salvador, C. Caderon. Costa 
Rica: Costa Rica, Heinrich Schmidt, 1931. Honduras: Honduras, 
F. H. Dyer. Panama: Panama. Mexico: Yucatan, G. F. Gaumer ; 
50 m, S. Victorias, San Luis Potosi, 6-10-32, Hobart Smith; Colima, 
Encero Vera Cruz, S. of Jalapa, 7-17-32, H. Smith; Mexico, A. 
Duges; Cordoba, Fred Knab. Ecuador: Guayaquil, W. F. Coding; 
Guayaquil, F. Campos. Paraguay: Villarrica, S. A., 1-6-24, Fran. 
Schade; Villarrica, 4-11-23, Fran. Schade. Brazil: Ypirango, S. 
Paulo, R. Spitz, 1-20-26; Blumenau, Espir Santo. 
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Lethocerns dilatus sp. nov. 

Size. Large species. Length, 74 mm.-85 mm., width, 29.5 mm.- 
31.5 mm. 

Shape. Body elongate oval with lateral margins of hemelytra 
dilated. Pronotum comparatively small, convex, and with lateral 
margins straight. 

Color. General color medium brown. Anterior lobe of pronotum 
dark without a pair of light-brown lines arising on anterior margin. 
Scutellum with large fuscous rectangular area. Hemelytra uniform 
medium brown throughout, i^bdomen medium brown witli outer 
margin fuscous. Anterior tibia fuscous with tarsus white, middle 
and posterior femora and tibiae, with three transverse fuscous stripes 
on lower side. 

Structural Characteristics. Front of head without a longitudinal 
medium carina. Anterior lobe of pronotum rough, but not rugose. 
Width of eye twice that of interocular space which is not as wide as 
hind tarsus. Length of first segment of front tarsus one-half that of 
second on outer margin. Underside of posterior tibia with inner 
apical angle not produced into a sharp point. Female operculum 
minutely bidentate at apex, male operculum not bidentate. Meta- 
xyphus sharply pointed posteriorly. Outer margin of hind tibia 
more curved than inner margin. 

Comparative Notes. This species differs from L. del pontei De 
Carlo and L. mellorieitaoi De Carlo in having the outer margin of 
the abdomen fuscous on lower side. 

Types. In Francis Huntington Snow Entomological Museum of 
the University of Kansas, holotype j and one paratype $ . 

Data on Distribution. Bolivia: Buena Vista, Dept. Santa Cruz 
S. A., 9-24-1924, R. T. Steinbach. 

Lethocerus grandis (Linnseus), 1758 

1758. Nepa grandis Linn. Syst. Nat., Ed. x, p, 440. 

1794. Nepa grandis Linn. Fabricius, Ent. Sj^'st., IV, p. 61. 

1803. Nepa grandis Linn. Fabricius, Rhyn., p. 106. 

1835, Belostomum grande (Linn.). Burmeister, Handb. der Ent., II, p. 195. 

1847. Belostomuvi grande (Linn.). Leidy, J. Acad. Nat. Sci. Phil., VI, pp. 58, 66. 

1856. Belostoma grande (Linn.). Guerin, Sagra, Hist, de Cuba, VII, p. 175. 

1863. Nepa grandis Linn. Dufour, Ann. Soc. Eht. Fr., ser. 4, III, p. 380. 

1871. Belostoma grande (Linn.). Mayr, Verb. Zool.-Bot. Ges. Wien., XXI, pp. 423, 425. 

1865. Belostoma grande (Linn.). Mayr, Hemiptera, p. 184. 

1884. Belostoma grandis (Linn.). tJhler, Stand. Nat. Hist., II, p. 256, 

1930. Lethocerus grandis (Linn.). De Carlo, Rev. de la Soc. Ent. Arg,, No. 13, p. 105, 
pi VI, fig- 22. 

Size. Largest species of the genus Lethocerus and also of the 
hemiptera. Length, 94 mm.-llO mm. ; width, 34 mm.-40 mm. 



Cummings: The Giant Watee Bugs 


209 


Shape. Body elongate oval with lateral margins of hemelytra 
almost parallel Thorax convex with lateral margins curved. 

Color. General color medium brown. Front of head with a 
narrow fuscous stripe reaching from vertex to clypeus. Anterior 
lobe of pronotum fuscous margined on front and sides with brown; 
a medium pair of brown lines arising on anterior margin, diverging 
on their posterior third and ending about the middle of the lobe; a 
pair of conspicuous brown, oval spots in front of which are indefinite 
brown markings. Scutellum with large rectangular fuscous area, 
Hemelytra brown with distal third lighter, and with light-brown 
maculations throughout. Abdominal venter fuscous, fading out to 
light brown at apex. Underside of all tibiae and femora each with 
three broad, transverse fuscous bands. 

Structural Characteristics. Eyes large and broadly rounded on 
upper margin. Front of head not medianly carinate. Surface of 
pronotum smooth, lateral margins moderately explanate and edges 
thickened, not foliaceous. Underside of posterior tibia with inner 
apical angle produced into a sharp point. Width of posterior tibia 
at least two-thirds that of anterior femur. Length of anterior femur 
equal to hind femur. Outer margin of hind tibia curved and inner 
margin nearly straight. Metaxyphus sharply pointed posteriorly, 
with anterior end abruptly elevated into a point. Apex of female 
operculum with two sharp points, male operculum without points. 

Comparative Notes. This species differs from L. largus Cummings 
in having the front and hind femora equal, and in having different 
color markings on face and abdomen. 

Type. Doctor Hungerford says there are some twenty-six trays 
of insects in the Museum at Upsala, Sweden, that are supposed to 
have been studied by Linnaeus. There is a specimen of Lethocerus 
measuring 83 mm. long bearing the followung labels ^AIus. Gust. 
Adolphi” “typus” ‘^Nepa grandis^^ and another only 38 mm. long 
labeled ^‘Nepa grandisf'^ ‘‘U. U. Mus. Gust. Adolphi” “Grandis 
Linnseiis, in his 10th ed. of Systema Naturae, list his specimen from 
L. LT.^’ and gives three references to literature. Since Gust. 
Adolphus w^as a small boy in 1758 it may be that the specimen 
labeled ^Typus’^ is not the type, and therefore it seems best to let 
the species described above and also recognized by Mr. de Carlo 
stand as Lethocerus grandis (Linn.). 

Data on Distribution. Brazil: Igarape Assu, 1912. Paraguay: 
Villarica, 8, 31, Fr. Schade. Colombia: Villavicencio, Ost. Colom- 
bia, 400 m, coll. Fassl. 
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Lethocerus largus sp. nov. 

Size. Large species, second in size only to L. grandis Linnseus. 
Length, 84 mm. to 94 mm.; width, 30 mm. to 33 mm. 

Shape. Body elongate oval with lateral margins of hemelytra 
almost parallel. Pronotum convex with lateral margins curved. 

Color. General color medium brown. Front of head with broad 
fuscous stripe reaching from vertex to clypeus. Anterior lobe of 
pronotum fuscous, margined on front and sides with light brown; a 
median pair of brown lines arising on anterior margin, diverging on 
their posterior third and ending about the middle of lobe; a pair of 
conspicuous brown, oval spots, in front of which are indefinite brown 
markings. Scutellum with large rectangular fuscous area. Hemely- 
tra brown with distal third lighter, and without light-brown macu- 
lations. Abdomen fuscous with outer margin light brown. Front 
legs not transversely marked, middle and hind tibise and femora 
each with three broad, transverse, fuscous bands on lower side. 

Structural Characteristics. Eyes large and broadly rounded on 
upper margin. Front of head not medianly carinate. Surface of 
pronotum smooth, lateral margins moderately explanate and edges 
thickened, not foliaceous. Underside of posterior tibia with inner 
apical angle produced into a sharp point. Width of posterior tibia 
at least twm-thirds that of anterior femur. Length of anterior femur 
greater than that of hind femur. Outer margin of hind tibia curved 
and inner margin nearly straight. Meta.xyphus sharply pointed 
posteriorly, with anterior end abruptly elevated into a point. Apex 
of female operculum with two sharp points, male operculum with- 
out points. 

Comparative Notes. This species differs from L. grandis (Lin- 
nffius) in having the front femora longer than hind femora and in 
having different color markings on face and abdomen. 

Types. Francis Huntington Snow Entomological Collection of 
University of Kansas, ^ holotype, and 2 allotype. 

Data on Distribution. Brazil; Ypirango, S. A., S. Paulo, 2-7-24, 
R. Spitz; Sao Paulo, Brazil, S. A., 1922, Alfredo Faz; S. Paulo, 
Brazil. 
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Lethocerus mello-l&itaoi de Carlo, 1933 

1933. Lethocerus mello-leitaoi de Carlo. Boletim do Museu Nacional, Vol, IX, N. 1, pp. 
93-95. 

Original description has not been printed at the date of this 
writing. 

Size. Medium-sized species. Length, 60 mm.-71 mm.; width, 
22.5 mm.-27 mm. 

Shape. Body elongate oval with lateral margins of hemelytra 
nearly straight. Pronotum convex with lateral margins slightly 
curved. 

Color. General color medium brown. Pronotum browm, a median 
pair of light-brown lines arising on anterior margin and extending 
back about one-third the length of anterior lobe. Scutellum with 
large fuscous rectangular area. Hemelytra brown with distal third 
lighter. Abdomen light brown and thickly tesselate with fuscous 
spots, Mesosternum wdth large irregular fuscous spot on midline, 
and large irregular fuscous markings on either side of median spot. 
Front legs not marked, middle and hind femora each with three 
broad transverse fuscous stripes on ventral side; middle and hind 
tibiae almost entirely fuscous on ventral side. 

Structural Characteristics. Front of head without a longitudinal 
median carina. Pronotum slightly rough, but not rugose. Width 
of interocular space about two-thirds wudth of eye. Interocular 
space is about equal to width of hind tarsus. Length of first seg- 
ment of front tarsus one-half that of second on outer margin. 
Underside of posterior tibia with inner apical angle not produced 
into a sharp point. Female operculum with two sharp points at 
apex, male operculum without points. Metaxyphus sharply pointed 
posteriorly. Outer margin of hind tibia no more curved than inner 
margin. 

Comparative Notes. This species differs from L. uhlen Mon- 
tandon in having the interocular space about equal to width of hind 
tibia, and from L. del pontei de Carlo in having the outer margin 
of hind tibia no more curved than inner margin, and in having 
different color markings on lower side of abdomen, tibia, and meso- 
sternum. 

Types. Holotype male and allotype female in Francis Hunting- 
ton Snow collection of the University of Kansas. One paratype 
in National Museum of Natural History, Buenos Aires. 

Data on Distribution. Brazil: St. Catharina; Blumenau, Brazil. 
Paraguay: Villarica, 1931, Fr. Schade. 
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Lethocems truncatus sp. nov.^ 

Size. Medium-sized species. Length, 74 mm.; width, 28,5 mm. 

Shape. Body elongate oval with lateral margins of hemelytra 
slightly dilated. Pronotiim convex with lateral margins slightly 
curved. 

Color. General color medium brown. Anterior lobe of pronotum 
slightly darker than posterior lobe, with no distinct markings 
present. Scutelliim medium brown. Hemelytra of uniform me- 
dium tan throughout. Under surface of a uniform medium tan 
throughout. Middle and hind femora each with three transverse 
fuscous bands on lower side. 

Structural Characteristics. Front of head without a longitudinal 
median carina. Pronotum smooth. Width of interocular space is 
greater than that of hind tarsus and is equal to three-fourths width 
of eye. Length of first segment of front tarsus two-thirds that of 
second on outer margin. Underside of posterior tibia with inner 
apical angle not produced into a sharp point. Female operculum 
minutely bidentate at apex. Metaxyphus with posterior margin 
straight and not pointed. Lateral margins of posterior tibia nearly 
straight. 

Comparative Notes. This species differs from all other species 
of Lethocerus in having the posterior end of metaxyphus not 
pointed. 

Types. In Francis Huntington Snow Entomological Collection of 
the University of Kansas (single specimen, holotype female). 

Data on Distribution. Argentina: Argentina, S. A., Fives Lille, 
Santa Fe, 1923, A. Bruch, . 


* Since Mr. Cummings died I liave received a paper by Mr. Jos^ A. de Carlo in which he 
describes a specimen taken by Mr. Carlos Binch from *^State of Parana, Brazil, under the 
name L. bruchi. His single specimen is a male 67 mm. long and 26 mm. wide. The descrip- 
tion is published in “Revista de la Sociedad Entomologica Argentina (No. 4, Julio 31 de 
1R31)’’ pp. 217-218 and photograph. The description fits Mr. Cummings’ species very well. 
Mr. de Carlo does not mention the unusual shape of the metaxyphus described by Cuinraing.s 
so for the present I permit the species to stand. — H. B. Hungerford. 
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Lethocerus uhleri (Montandon), 1896 

1896. Belostoma uhleri Mont. Ann. Soc. Ent. Belg., XL, p. 513. 

1906. Belostoma uhleri Mont. Howard, Insect Book, pi. 29, fig. 25. 

1907. Belostoma uhleri Mont. Bueno and Brimley, Ent. News, XVIII, p. 434. 

1909. Amorgim uhleri (Mont.). Van Duzee, Bui. Buf. Soc. Nat. Sci-, IX, p. 184. 

1914. Amorgius uhleri (Mont.). Barber, Bui. Am. Mus. Nat. Hist., XXXIII, p. 498. 

1926. Lethocerus uhleri (Mont.). Blatchley, Het. of East. N. A., p. 1043. 

The following also refer to Lethocerus uhleri Montandon: 

1876. Belostoma americanum XJhler. Bui. U. S. Geol. Geog. Surv., I, pi. 21, fig. 38. 1876. 

&ize. Small species. Maximum length, 53 mm., maximum wddth, 
18^ mm.; minimum length, 40 mm., minimum width, 14^^ mm. 

Shape. Body elongate oval with lateral margins of hemelytra al- 
most parallel. Thorax convex with lateral margins slightly curved. 

Color, General color medium brown. Pronotum browm with a 
median pair of light-brown lines arising on anterior margin and 
extending back about one-third the length of anterior lobe. Scutel- 
lum with large fuscous rectangular area. Hemelytra brown with 
distal third lighter. Abdomen light tan. Middle and posterior 
tibiae and femora each with three transverse fuscous stripes on ven- 
tral side. Front legs indistinctly marked. 

Structural Characteristics. Front of head not medianly carinate. 
Interocular space equal to two-thirds width of eye. Length of first 
segment of front tarsus one-half that of second on outer margin. 
Interocular space one-fifth greater than the width of hind tarsus. 
Underside of posterior tibia with inner apical angle not produced 
into a sharp point. Female operculum with two sharp points at 
apex; male operculum without points. Metaxyphus sharply pointed 
posteriorly. 

Cofiiparative Notes. This species differs from L. melloleitaoi de 
Carlo and L. del pontei de Carlo in being smaller and in having the 
interocular space one-fifth greater than width of hind tarsus. 

Data on Distribution. Massachusetts: Sanborn. Georgia: Way- 
cross, 11-9-09. Kansas: Douglas Co., May, H. B. Hungerford; 
Douglas Co., July; Douglas Co., May 21, 1920, H. B. Hungerford; 
Douglas Co., W. Hoffman, May 21, 1919; Riley Co. Florida: 
Archer, R. H. Beamer, 7-31-30; Vero Beach, E. M. Becton, Sept. 26 , 
1927 . Louisiana: New^ Orleans, Chickering, 4-30-28. Texas: Colo- 
rado Co., Mrs. Grace Wiley, 5-6-1922, 5-10-22; Galveston, F. H. 
Snow% May. Mexico: Metamoras, J. L. Leconte. 
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Key to Species of Diplonychus 

There are evidently some nndescribed species of this gemis which 
need further study. Mr. Bueno has given the following table for 


separating the species: 

A. Anterior tarsus furnished with two claws of equal length D. rectus Mayr. 

(W. Africa.) 

AA. Anterior tarsus furnished with two claws of unequal length. 

B. Disk of prothorax punctate, with two pronounced round fove®, hemelytra more 

or less punctate D. punctatus StaL 

(Madagascar.) 


BB. Disk of prothorax slightly punctate, wdth two shallow fovesB and two sulci 
converging posteriorly toward the transverse sulcus, hemelytra impunctate, 

D. columhim Spinola. 

(Africa.) 

Mr. Bueno gives D. columhm as from Africa and questions west” 
ern records. Doctor Hungerford, who examined the specimens in 
the Museum at Vienna, says: '^Under Hydrocyrim columbioe Spin, 
there are 19 specimens from Africa and twu others, one labeled 
Amer. Ca 884^’ and the other ^^Mex. Coll. Sign.^^ “herculeus det. 
Dufour.’’ “Columbiae det, Mayr.^^ These two are the same as those 
from Dutch East Africa. They have two claws on front tarsus and 
are 75 mm. long. The outer claw is a little more than half as long 
as the other. 
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PLATE XVIII^ 

Fig. 1 . Lethocerus delpontei de Carlo. Under side of posterior tibia and 
tarsus. It illustrates “the posterior tibia with the inner apical angle not pro- 
duced into a sharp point.” Compare with figure 6. 

Fig. 2. Lethocerus sp. Drawn to show “upper margin of eye rounded as 
viewed from the front.” 

Fig. 3. Lethocerus sp. Drawn to show “upper margin of eye straight as 
viewed from the front.” 

Fig. 4. Lethocerus truncatus. The metaxyphus distinguishes this species 
from the others which are like figure 5. 

Fig. 5 . Lethocerus angusivpes. The metaxyphus is of usual form. 

Fig. 6 . Lethocerus angustipes. Under side of posterior tibia and tarsus. It 
illustrates “the posterior tibia with the inner apical angle produced into a 
sharp point. 

* The drawings of this plate were prepared for me by Dr. Kathleen Doering. — H. B. 
HUN'GBRPORD. 
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6. L. angustipes— under side of posterior ieg. 
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PLATE XIX 

The drawings on this plate illustrate the shape of the 
last ventral abdominal segment of females of Lethocerus. 
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A Study of the Genus Brachymetra 
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Abstsacjt: This papei’ gives a key for separation of five species and one 
subspecies. Three species and the subspecies are described as new. 


T he famiiy Gerridse is divided into two subfamilies — ^the Ger- 
rinse and the Halobatinae. Among the numerous genera of the 
latter belongs the genus Brachymetra, a new world genus. 

DESCRIPTION OF THE GENUS 

All members of the genus Brachymetra possess a triangular and 
convex head. The almost oval eyes extend obliquely laterad of 
anterior angles of the pronotum. The rostrum extends well beyond 
anterior coxae. The antennae are over one-half the length of the 
body, all segments round and straight except the basal, which is 
definitely arched, basal segment longer than the head, second seg- 
ment shorter than the head, third segment invariably longer than 
the second segment, and apical segment of about same length as 
second. Pronotum possesses medially near anterior margin a shal- 
low horseshoe-shaped impression; single faint carination runs ob- 
liquely and posteriorly of each humeral angle. Lateral margins of 
mesothorax strongly divergent in both sexes. The prothoracic legs 
are shorter than the body and have rather stout femora, which bear 
a few^ stout hairs beneath, wdiile the meso- and metathoracic legs are 
very long and slender with the frail femora alone about as long and 
longer, respectively, than the body. The elytra exceed the abdomen. 


* Contribution from the Department of Entomology, University of Kansas, 
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Abdomen moderately short, sixth segment unarmed, apical margin 
on ventral side of male emarginate, while that of female is almost 
straight. Claspers inserted on each side of genital capsule of male. 
Body covered by a dull pubescence. All the species possess on meso- 
and metathoracic acetabula a heavier pubescence, which is generally 
silvery. 

Key to the Species op Brachymetra 

A. Species with first antennal segment as long or longer than the two following; pro- 
notum striped with black. 

B. Pronotiim with median line black unca sp. n. 

BB. Pronotiim median line not black but bordered by a pair of black bands, 

vittata sp. n. 

AA. Species wdth first antennal segment shorter than the two following; pronotum, 
except margin, more or less unicolorous. 

B. Apex of pronotum acutely angulate, extending well beyond tip of mesothoracic 

acetabula Meopatra Kirk. 

BB. Apex of pronotum rather bluntly angulate, not extending beyond tip of 
mesothoracic acetabula. 

C. Anterior femur only slightly larger than intermediate femur; rear margin 

of eye definitely greater than interocular space lata sp, n. 

CC. Anterior femur at least one and one-half times larger than intermediate 
femur; rear margin of eye equal to or less than interocular space, 

D. First antennal segment plainly surpassing rear lateral margin of 
eye when turned back; first abdominal tergite shallowly incised 

behind albinerva (A. & S.). 

DD. First antennal segment just about attaining rear lateral margin of 
eye when turned back ; first abdominal tergite deeply incised 
behind albinerva incisa sub-sp. n. 


Brachymetra unca sp. n. 

(PI. 1, figs. 2, 2a, 2b, 2c) 

Apterous Form 

Size. Length of males 6.5 mm,, females 6.1mm.; width of males 
2.5 mm., females 2.8 mm. at widest place. 

Color. Chocolate brown above, venter yellowish brown, dull 
pubescence with a varnished background. A median dark line ex- 
tending throughout the length of the pronotum, metanotum and the 
first abdominal segment. Margins of pronotum and connexiva 
dark. Caudal margin of last abdominal segment of male dark, with 
the genital segments somewhat dark; caudal margin of last ab- 
dominal segment and genital segments of female dark. Meso- and 
metathoracic acetabula dark above. Tip of rostrum, eyes, antennse, 
and legs dark, except the anterior coxse, trochanter and basal half 
of the femora, which are about same shade as venter. 

Structural Characteristics, Antennal formula of male: 1st : 2d : 
3d : 4th : : 30 : 11 : 18^ : 15; female : 26 : 10 : 16.5 : 14. Eyes rather 


Includes tiny basal ring segment. 
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small in comparison to size of body, less than one-half the length 
extending caudad of the posterior angle of the head. Interocular 
space about four-fifths the length of eye. Sides of prothorax almost 
parallel with the sides of mesothorax inflated. Length of pronotum 
on median line is to length of metanotum exposed as 6.8 : 1 (both 
sexes). Anterior femur as long as the pronotum on its median 
dorsal line; in the male this femur is fully twice as large as inter- 
mediate femur and distinctly arched, while in the female it is about 
one and one-half times as large as intermediate femur and quite 
straight; tibia slightly shorter than femur, somewhat curved on 
distal third, its tip slightly, if any, produced beyond base of tarsus; 
first tarsal segment one-half as long as the second. Intermediate 
femur a trifle shorter than body; tibia about one-seventh longer 
than the femur and over four times as long as tarsus; first tarsal 
segment three times as long as the second. Posterior femur about 
one-fifth longer than intermediate femur and almost twice as long 
as tibia; tibia almost four times as long as its tarsus; first tarsal 
segment over one and one-half times as long as the second. In 
the female the last abdominal segment surpasses the apex of pos- 
terior trochanter. In the male the genital segments are one-half to 
three-fifths the length of the abdomen, the abdomen surpassing the 
posterior trochanter by about one-third the length of the last seg- 
ment; the last ventral abdominal segment as long as the two pre- 
ceding combined in the male and as long or longer than the three 
preceding combined in the female. In the male the claspers are so 
long and curved that they overlap slightly on the dorsal side of the 
second genital 

Described from a series of twenty specimens labeled, “Trinidad, 
B. W. I., Port of Spain, Nov. 5, 1931, W. E. Broadw^ay,” and the 
same data “near St. Patrick Oct. 25, 1931.’’ Holotype, allotype 
and paratypes in the Francis Huntington Snow Entomological 
Museum, University of Kansas, Lawrence, Kansas. 

Magropterous Form 

Size, Length to tip of elytra, 7.3 mm.; width, 2.5 mm. 

Color. Same color as in apterous form. A median dark line on 
pronotum, extending from anterior margin to beyond the middle. 
Elytra, including veins, black wdth apices somewhat fuscous. 

Structural Characteristics, Lateral margins of pronotum back of 
humeral angles more depressed than in related species, depressed 
area at apex about equals the head in length. Anterior femur one- 
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fifth shorter than pronotum. Elytra exceed abdomen by over half 
the length of the head. 

Described from a single male specimen labeled, “Trinidad, B. W. 
I., Port of Spain, Nov. 5, 1931, W. E. Broadway.^’ Holoinorphotype 
deposited in the Francis Huntington Snow Entomological Museum. 
University of Kansas, Lawrence, Kansas. 

Brachymetra vittata sp. n. 

(PI. 1, figs. 3, 3a) 

Macboptbrous Form 

Size, Length of male, 9.3 mm., female, 9 mm.; width of male, 
3.3 mm., female, 3.3 mm. 

Color. A striped species; clay -yellow with head almost reddish- 
brown, venter yellowish. Heavy black band bordering lateral mar- 
gins of pronotum and continuing slightly inside the margin from 
the humeral angles to the apex, a pair of heavy black bands ex- 
tending from anterior end two-thirds the way along the median line. 
Margins of connexiva dark. Anterior acetabulum with black spot 
on dorsal side, a black spot on lateral side of prothorax dorsad and 
caudad of this. An oblique black band running slightly ventrad 
along lateral side of mesothorax, with slight break which is followed 
by a broader band on the mesothoracic acetabulum. A solid band 
also originates posterior to the mesothoracic spiracle and continues 
unbroken to apex of metathoracic acetabulum. Two black spots are 
just below the spiracles of each abdominal segment of female. A 
black spot on vertex next to each eye continuous with median bands 
of pronotum, a third spot on median line about half way between 
these and rostrum. Eyes, antennse and tip of rostrum, dark. An- 
terior femur with apex and ventral side dark, tibia and tarsus also 
dark. Meso- and metathoracic legs somewhat dark with apex of 
mesothoracic femur black preceded preapically by light brown. 
Elytra including veins black; caudal half of costal margin light 
brown. 

Structural Characteristics, Antennal formula of female: 1st : 2d : 
3d : 4th : : 44 : 18 : 23 : 20' (no antennse on male specimen). Eyes 
quite small in comparison to size of body, less than one-half the 
length extending caudad of the posterior angle of the head. Inter- 
ocular space three-fourths the length of the eye. Apex of pronotum 
blunter than in other species, margin narrowly depressed. Anterior 
femur not as stout as in B. unca but arched apically (no prothoracic 
or right meso- and metathoracic legs present on the male) , equal 
in length to the pronotum on its median line ; tibia almost as long 
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as femur and somewhat curved apically, its tip produced slightly 
beyond base of tarsus; first tarsal segment one-half to three-fifths 
as long as the second. Intermediate femur a trifle longer than body 
in female^ and about one-fourth longer in the male; tibia slightly 
shorter than the femur and almost three times as long as tarsus; 
first tarsal segment about three times as long as second. Posterior 
femur barely longer than intermediate femur and two-thirds longer 
than the tibia; tibia over four times as long as tarsus; first tarsal 
segment about one-fourth longer than second. In the female the 
last two abdominal segments exceed tip of posterior trochanter. 
In the male the genital segments only one-half longer than the 
posterior abdominal segment, the abdomen surpassing the posterior 
trochanter by about the length of the last segment. The last ven- 
tral abdominal segment about one and one-fourth times as long as 
preceding one in the male and over one and one-half times as long as 
preceding one in the female. In the male the claspers do not exceed 
the posterior margin of the first genital and are scarcely visible be- 
tween the first and second genital. Elytra exceed abdomen by over 
one-half the length of head. 

Described from single male and female specimens labeled, “Mari- 
anie Port au Prince, Haiti, July 10, 1930, R. M. Bond.’^ Holotype 
and allotype in the Francis Huntington Snow Entomological Mu- 
seum, University of Kansas, Lawrence, Kansas, 

Apterous Form 

Size. Length of females, 8.4 mm. ; width, 3.3 mm. 

Color. Color markings mostly as in the macropterous forms. 
Median bands on pronotum almost continuous to base. Wide, black 
band originating laterad of median bands of pronotum and extend- 
ing posteriorly, bifurcating preapically at the base of the pronotum, 
one branch continuous with the black margin of connexivum and the 
other running around apex of pronotum and meeting band from 
other side at the median line of the tergum of the metathorax. 
Terga of abdominal segments mostly black. 

Structural Characteristics. Same as in the macropterous forms 
with the exception that the apex of the pronotum is less blunt, ex- 
posing only the posterior margin of the mesothorax ; lateral margins 
more parallel and lacking the rather acute humeral angles. 

Described from four female specimens labeled, “Marianie Port au 
Prince, Haiti, July 10 , 1930, R. M. Bond.” Holomorphotype and 
paramorphotypes in the Francis Huntington Snow Entomological 
Museum, University of Kansas, Lawrence, Kansas. 
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Brachymetra kleopatra Kirk. 

(PL 1, fig. 5) 

Bracht/tnetra kleopatra Kirkaldy. Bolletino dei Musei di Zoologia Anatomia Comparata, 
Torino, vol. XIV, No. 350, 1899, p. 8. 

Kirkaldy’s original description of this species fits the single female 
I have on hand with the following exceptions: (1) The specimen 
which I have before me measures 8.2 mm, long and 3 mm. wide, 
while he gives measurements of 9% mm. long and 2.5 mm. wide. 
(2) ^^Head and pronotum very smooth and polished.^^ I find both 
to be quite pubescent .except for smooth spot on vertex between the 
eyes (apparently having been rubbed smooth). 

The specimen at hand is lacking antennal segments and anterior 
legs. I will quote Mr. Kirkaldy’s descriptions of these parts. 

Color. Reddish-brown above, venter tan. Tip of meso» and 
metathoracic acetabula dark. Two darkened spots just below spir- 
acle of each abdominal segment. Eyes dull wine, rostrum tip dark, 
and the legs dark brown. Elytra velvety brown with veins grayish 
brown. 

Structural Characteristics. 'Tirst segment of the antennse shorter 
than the second and third together, first segment rather more than 
twice as long as the second, second and fourth subequal, third 
one-third longer than the second.’^ Eyes rather small in comparison 
to size of body, about one-half the length extending caudad of the 
posterior angle of the head. Interocular space about four-fifths the 
length of eye. The apex of pronotum most widely depressed and 
most acutely produced of all the species of the genus, being pro- 
duced well beyond the apices of metathoracic acetabula. '^Anterior 
tibia one-fourth longer than the femur, three and a quarter times 
longer than tarsus, second segment of the latter two-thirds longer 
than the first.” Intermediate femur about one-tenth shorter than 
body; tibia slightly longer than femur and three times as long as 
tarsus; first tarsal segment about five times as long as second. Pos- 
terior femur equals the length of the body and one-tenth longer than 
intermediate femur and almost twice the length of the tibia; tibia 
three times as long as tarsus; first tarsal segment over twice the 
second. The last two abdominal segments exceed the posterior tro- 
chanter. Last ventral abdominal segment almost as long as two 
preceding. Elytra exceed abdomen by one-half the length of head. 
The single female specimen on hand is labeled, “British Guiana, 
S. A., near New Amsterdam, July 30, 1923, F. X. Williams.” 
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Brachymetra lata sp. n.' 

(PI. XX, figs. 4, 4a, 4b) 

Aptbrotjs Form 

Size. Length of males, 7 mm., females, 7 mm.; width of males, 
2.5 mm., and females, 2.7 mm. 

Color. Reddish-brown above, venter a lighter shade of brown. 
Margins of pronotum dark, median line light. Margins of con- 
nexiva dark. Genital segments mostly dark, caudal half of the 
last abdominal tergum of male dark. Tip of metathoracic acetabula 
dark while that of the mesothorax is light with a brown spot borne 
preapically. Eyes brown mottled with dark spots, tip of rostrum, 
antennae and legs dark, except anterior coxae, trochanters and basal 
half of anterior side of femora. 

Structural Characteristics. Antennal formula of male: 1st : 2d : 
3d : 4th :: 29 : 15 : 22.5 : 16; female: 27 : 14 : 20 : 15. Eye about 
one and one-half times longer than wide, larger in comparison to size 
of body, over one-half the length, with its rear margin slightly 
greater than interocular space, extending caudad of the posterior 
angle of the head. Interocular space about three-fifths the length 
of eye. Head, including eyes, considerably wider than prothorax, 
Pronotum with apex bluntly produced, length on median line is to 
length of metanotum exposed as 5.6:1 (both sexes). Anterior 
femur not much stouter than intermediate femur, but somewhat 
arched apically, slightly longer, if any, than pronotum on its median 
line. Tibia shorter than femur and barely curved on its distal end, 
its tip produced slightly beyond base of tarsus; first tarsal segment 
about two-thirds as long as second. Intermediate femur about equal 
in length to body of male, but almost one-tenth shorter in the fe- 
male; tibia equal to length of femur in male, but slightly longer in 
female, and five and one-half to six times as long as tarsus ; first 
tarsal segment three times as long as second in male and three and 
one-half times as long in female. Posterior femur one-seventh 
longer than intermediate femur and over twice the length of its 
tibia; tibia four and one-half times longer than its tarsus; first 
tarsal segment about one-third longer than the second. In the fe- 
male the last two abdominal segments exceed tip of posterior tro- 
chanter. In the male the genital segments are about one-fourth the 
length of the abdomen, the abdomen surpassing the posterior tro- 
chanter by the last segment. Last ventral abdominal segment about 
four-fifths as long as the two preceding combined in the male and as 
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long in the female. A pair of rather straight claspers barely exceed, 
if any, posterior margin of first genital. 

Described from a series of 160 labeled, “Manacapnra, S. A., 
Amazonas, Brazil, Solimoes river, 6. 26, S. M. Klages.” Holotype, 
allotype and paratypes in the Francis Huntington Snow Entomo- 
logical Museum, University of Kansas, Lawrence, Kansas. 

Macropteroijs Form 

Size. Length of males to tip of elytra, 7.4 mm., females, 7.4 mm. ; 
width of males, 2.5 mm. and females, 2.7 mm. 

Color. Same color as in apterous forms. Margin of pronotum 
indistinctly darkened. Elytra a rich velvety brown, paler at apices, 
veins a rich yellow. 

Structural Characteristics. Pronotum with apex about as blunt as 
in apterous forms. Anterior femur slightly shorter than pronotum 
on its median line. Elytra exceed abdomen by about half the 
length of head or less. 

Described from a series of 114 with same data as for apterous 
forms. Holomorphotype, allomorphotype and paramorphotypes in 
the Francis Huntington Snow Entomological Museum, University of 
Kansas, Lawrence, Kansas. 

Brachymetra albinerva (A. & S.) 

(PL XX, figs. 1, la, lb, Ic.) 

Brachymetra albinerva (Amyot et Serville). Hist. Nat. Ins. Hem., 1843, p. 412. 

Apterous Form 

Size. Length of males, 5.4*-6.8 mm., females, 5.5-6.9 mm.; width 
of males, 2,3-2.7 mm., and females, 2.5-3.1 mm. 

Color. Dull chocolate brown above, venter lighter. Margins of 
pronotum and connexiva dark. Genital segments dark. Meso- 
thoracic and metathoracic acetabula darkened above. Eyes and 
tip of rostrum dark. Antennae and legs same shade as the body or 
a little darker except the anterior femora, which are lighter on the 
dorsal basal two-thirds. 

Structural Characteristics. Antennal formula of male: 1st : 2d : 
3d : 4th :: 21 : 11 : 15 : 12; female: 20 : 11 : 15 : 11.5; in the larger 
specimens it measures as follows, male: 25 : 14 : 18 : 14; female: 
23 : 14 : 16 : 15. Eye with its rear margin about equal to interocular 
space, one-half the length of eye extending caudad of the posterior 
angle of the head. Interocular space two-thirds the length of eye. 
Head, including eyes, only slightly wider than prothorax. Length 
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of pronotum on median line is to length of metanotum exposed as 
6.5 : 1 (both sexes). Anterior femur arched and at least one and 
one-half times larger than intermediate femur, about one-fifth 
shorter than pronotum on its median line; tibia slightly shorter 
than femur, curved on distal third, its tip barely produced beyond 
base of tarsus; first tarsal joint three-fourths as long as second. 
Intermediate femur one-ninth shorter than body; tibia about one- 
tenth longer than femur and over three and one-half times as long 
as tarsus; first tarsal segment slightly more than three times as 
long as the second. Posterior femur about one-tenth longer than 
intermediate femur and about twice as long as its tibia. Tibia 
over three times as long as its tarsus. First tarsal segment about 
one and one-half times as long as the second. In the female the 
last two abdominal segments exceed the posterior trochanter. In 
the male the genital capsule usually only slightly longer than the 
posterior abdominal segment, while in specimens with it greatly pro- 
truding it may be one-third the length of abdomen, the abdomen 
surpassing the posterior trochanter by about the length of the last 
segment. The last ventral abdominal segment one and one-half 
times as long as preceding in the male and twice as long as preceding 
in the female. In the male the claspers extend beyond first genital 
and are strongly cuiwed upward and laterad of second genital. 

Specimens are at hand from the following localities: Banos, Mera, 
Tena, and Huigra, Ecuador, and Sao Paulo, Brazil, South America ; 
Trinidad, B. W. I.; and Fort Clayton and Barro Colo Island, Canal 
Zone. 

Macbopterous Form 

Size. Length of males, 6 mm., females, 6.1 mm.; width of males, 
2.3 mm., and females, 2.4 mm. 

Color. Same color as in aptei'ous forms. Elytra of the same 
shade of brown as the body or darker, veins yellowish. 

Structural Characteristics. Anterior femur definitely shorter 
than pronotum on its median line. Elytra exceed abdomen by at 
least one-half the length of head. 

Specimens on hand from the following localities: Mera and 
Huigra, Ecuador, South America: and Fort Clayton and Barro 
Colo Island, Canal Zone. 
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Brachymetra albinerva incisa subsp. n. 

Apterous Form 

Size. Length of males, 5.4mm., females, 5.6 mm.; width of males, 
2.4 mm,, and females, 2.5 mm. 

Color. A subspecies which is yellowish brown above, venter paler, 
almost yellowish. Lateral margins of pronotum and connexiva dis- 
tinctly darkened by a narrow band, as well as the posterior margins 
of abdominal terga. Meso- and metathoracic acetabula darkened 
on apical margins. Eyes and tip of rostrum dark. Antennae and 
legs about same shade as the body or a little darker, except the 
anterior femora, which are lighter on the dorsal basal two-thirds, 
apices of femora and tibia darkened. 

Structural Characf eristics. Structurally the same as B. albinerva, 
but the following morphological characteristics, along with the color, 
have made me feel justified in calling this series a subspecies. An- 
tennal formula of male: 1st : 2d : 3d : 4th : : 18.5 : 10.5 : 14.5 : 11.5; 
female: 18 : 19 : 14 : 11. When the first antennal segment of B. 
albinerva incisa is turned back it about attains rear lateral margin 
of eye, while in B. albinerva it plainly surpasses rear lateral margin 
of eye. The first abdominal tergite of B. albinerva incisa. is deeply 
incised behind, while in B. albinerva it is shallowly incised. 

Macroi-teeous Form 

Size. Length of males, 6 mm., females, 6.4 mm.; width of males, 
2.3 mm., and females, 2.5 mm. 

Color. Same color as in apterous forms. Elytra of the same 
shade of brown as the body or darker, veins yellowish. 

Structural Characteristics. Anterior femur about one-fourth 
shorter than pronotum on its median line. Elytra exceed abdomen 
by at least one-half the length of head. 

Both forms described from a series of 37 specimens labeled, ^^Santa 
Cruz, Bolivia, S. A., J. Steinbach.^^ Holotype, holomorphotype 
allotype, allomorphotype, paratypes, and paramorphotypes in the 
Francis Huntington Snow Entomological Museum, University of 
Kansas, Lawrence, Kansas. 
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PLATE XX 

Figs, 1, la, lb, Ic. Brachymetra albinerva (A. & S.). 

Fig. 1. Head and pronotum of macropterous form. 

Fig. la. Apical end of abdomen showing genital segments and claspers, 
ventral view. 

Fig. lb. Lateral view of fig. la. 

Fig. Ic. Clasper. 

Figs. 2, 2a, 2b, 2c. Brachymetra unca sp. n. 

Fig. 2. Head and pronotum of macropterous form. 

Fig. 2a. Apical end of abdomen showing genital segments and claspers, 
ventral view. 

Fig. 2b. Lateral view of fig. 2a. 

Fig. 2c. Clasper. 

Figs. 3, 3a. Brachymetra vittata sp. n. 

Fig. 3. Head and pronotum of macropterous form. 

Fig. 3a. Apical end of abdomen showing genital segments and claspers, 
ventral view. 

Figs. 4, 4a, 4b. Brachymetra lata sp. n. 

Fig. 4. Head and pronotum of macropterous form. 

Fig. 4a. Apical end of abdomen showing genital segments and claspers, 
ventral view. 

Fig. 4b. Clasper, 

Fig. 5. Brachymetra kleopatra Kirk. Head and pronotum of macropterous 
form. 
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Abstract: New distributional records are given. for twenty-one of the pre- 
viously know species of the genus, in a number of cases greatly extending their 
known range. Twelve species are described as new to science and a key to all 
the known species is provided. 


M ost species of the genus Chlorotettix are found in North 
America, north of Mexico. The genus was founded in 1892 
by Van Duzee. New species have been added by Van Duzee, 
Osborn, Ball, Baker, Crumb, Sanders, De Long and the author until 
there are at present forty-six species and one variety north of 
Mexico. This paper describes twelve new species and the male of 
C. lafifrons. 

Most species of the genus have a uniform green or yellow color; 
a few are tinged with fuscous; a few have dark spots or bands on 
the head, pronotum or scutellum. 

The vertex is usually broad, either rounded or distinctly angled 
and rounding with the front. The ocelli are on the margin of the 

* Submitted to the Department of Entomology and the Faculty of the Graduate School 
of the University of Kansas in partial fulfillment of the requirements for the degree of Master 
of Arts, September, 1932. 
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vertex and near the eyes. The elytra have three antiapical cells, 
are longer than the abdomen, subhyaline, with a distinct appendix, 
the nerviires usually indistinct. The species vary in length from 
3.5 to 8 mm. 

The members of this group usually feed on grasses; thus they 
are plentiful as well as of some economic importance. 

Some species of the genus have a wide range, while others are 
found within narrow limits. In the following notes are additional 
records of the distribution of a number of species. 

C, viridius has previously been reported from the following states: 
Connecticut, New York, New Jersey, Maryland, Tennessee, Virginia, 
North Carolina, South Carolina, Florida, Alabama, Mississippi, 
Louisiana, Texas, Arkansas, Kansas, Ohio and Michigan. In the 
Snow collection are also specimens from Georgia. This species 
thus seems to be distributed well over the eastern half of the United 
States. 

C. vividiis has been reported for Tennessee, South Carolina, Ohio 
and Kansas. Specimens are at hand from these additional states: 
Arizona, Missouri, Arkansas, Mississippi, Alabama, Georgia, Florida, 
and North Carolina. 

C. tergatus has formerly been reported for New York, Maine, 
Connecticut, Michigan, Wisconsin, Washington, Iowa, Illinois, Ohio, 
New Jersey, Pennsylvania, Virginia, Tennessee, South Carolina and 
Florida. Specimens are at hand from Minnesota. Specimens for- 
merly called C. tergatus examined from the southern states proved 
to be either C. fumidus or C. divergens. It is doubtful, therefore, 
whether the records of C. tergatus from such states as Virginia, 
Tennessee, South Carolina and Florida are correct. 

C. dentatus was described by Sanders and De Long from speci- 
mens taken near Washington, D. C. In the Snow Entomological 
Collection is a specimen collected at Atherton, Missouri. 

C. lusorius has previously been reported from Iowa, Ohio, New 
York, New Jersey, Pennsylvania, New Hampshire, Connecticut, 
Virginia, Wisconsin, Colorado and Utah, To these may be added 
Minnesota, Illinois and Arizona. 

C. limosus was described from specimens collected in Pennsyl- 
vania. Before us are also specimens from Kansas, Missouri, Mis- 
sissippi, Alabama and New York. 

C. balli has been reported from Iowa, Ohio, Tennessee, South 
Carolina, Virginia, New York and Connecticut. Our specimens 
have been taken in Kansas and Vineland, Ontario, also. 
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■ C, galbanatus has previously been taken in Iowa, Ohio, Kansas, 
Montana, Wisconsin, North Dakota, Connecticut, Maine, New York, 
Pennsylvania, Maryland, Virginia, North Carolina, South Carolina, 
Tennessee, Florida and Louisiana. The following states are new: 
Missouri, Arkansas, Texas, Mississippi, Alabama, Georgia, and New 
Jersey. 

C, necopinm is a southern species described from specimens col- 
lected in Mississippi. It has been collected previously from Kansas, 
Tennessee, North Carolina, South Carolina and Florida. It has 
also been taken in Arkansas, Texas, Louisiana and Alabama. 

C. spatulatm has a wide distribution, having been reported from 
Iowa, Kansas, Nebraska, Colorado, Ohio, Wisconsin, Connecticut, 
Virginia, South Carolina, Tennessee and Florida. New localities 
are Missouri, New Mexico, Minnesota, Texas, Mississippi, Alabama 
and Georgia. 

C, Tugicollis has been collected in Florida, Texas, Tennessee, South 
Carolina and New Jersey. New states to add to this list are: Kan- 
sas, Arkansas and Alabama. 

C. suturalis type specimens are from Tennessee. Our collection 
shows specimens from Mississippi, Alabama, Georgia and South 
Carolina. 

C. minor was taken in Texas. A specimen is at hand from Kan- 
sas. This species is evidently very uncommon. 

C. nudatm has formerly been reported from Iowa, Tennessee and 
Connecticut. Our specimens are all from Douglas county, Kansas. 

C. latifrons was described from specimens taken in Virginia, later 
found in Mississippi. We have specimens also from Alabama. 

C. similis was originally described from specimens collected in 
Oregon, We also have specimens from Washington and California. 

C, fumidus has previously been reported as taken from Pennsyl- 
vania and Tennessee. The writer adds to the list: Missouri, Mis- 
sissippi, Alabama and Georgia. 

C. divergem has been reported for Virginia only, but we have 
specimens collected in Alabama, Mississippi, and Arkansas. 

C. productm was desciibed from Virginia, later taken in Florida. 
The following states are added to the list: Louisiana, Mississippi, 
Georgia and Texas. 

C. unicolor is common in many localities and thus has been re- 
ported from many of the northern states and Canada. Specimens 
had formerly been reported for Maine, Connecticut, New Hamp- 
shire, New York, Wisconsin, Ohio, Iowa, Nebraska, Colorado, Cali- 
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fornia, Oregon, Washington, British Columbia, and Ontario, Canada: 
Specimens are at hand from the following new lacalities: Michigan, 
Minnesota, Montana, Utah and Arizona. 

C. tunicatus is widespread over the southeastern quarter of the 
United States. Specimens have been reported for Kansas, Missouri, 
Arkansas, Texas, Louisiana, Tennessee, Florida, South Carolina, 
North Carolina and Virginia. Alabama and Mississippi are here 
added to the list. 

In making an artificial key to the species, the most outstanding 
characteristics used are: shape of the vertex, male valve and plates, 
and the last ventral segment of the female. Size and color have 
been used in a more general way. 

Due to the fact that many species are very similar in appearance, 
it is sometimes difficult to distinguish between specimens by using 
only the above characteristics. Drawings of the male internal 
genitalia of the new species are included, in order to assist in de- 
termining specimens. These structures furnish definite and clear- 
cut characters for the determination of the species. 

In the preparation of this paper the writer has used, for examina- 
tion and dissection, specimens from the Snow Entomological Col- 
lection. 

This paper has been worked out and written under the super- 
vision of Dr. Paul B. Lawson, of the Department of Entomology of 
the University of Kansas. Dr. Dwight M. De Long and Mr. S. E. 
Crumb kindly helped with the comparison of some specimens and 
the loan of material. 

Key to Species op Chlorotettix^ 

1. Vertex with anterior margin rounded, length at middle equaling or slightly exeec-ding 

next the eye 2 

Vertex with anterior margin distinctly but bluntly angulate, distinctly longer at 
middle than next the eye 24 

2. Size small, not larger than 5 mm H 

Size larger, length more than .5.5 mm.. f) 

3. Posterior margin of female last A^entral segment produced at middle, but without 

median notch ; male valve very short, plates gradually narrowed to produce 

fingerlike apices minor. 

Posterior margin of female last ventral segment produced at middle, but with a 
median notch; male valve longer, plates without fingerlike apices 4 

4. Notch in female last ventral segment very short; plates with lateral margins almost 

straight, gradually narrowed to rather broad, blunt apices .productm. 

Notch in female last ventral segment reaching nearly to base; plates gradually and 
evenly narrowed to sharp -pointed tips minimus. 

5. Vertex not longer at middle than next the eye. 6 

Vertex at least slightly longer at middle than next the eye 7 

* This key has been made by using D. M. De Long's key from his “A synopsis of the 

Genus Chlorot as a pattern. 
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6. Lateral lobes of female last ventral segment distinctly angulate; and male plates 

narrow and at most but slightly upturned apically latus. 

Lateral lobes of female last ventral segment broadly rounded, and male plates broad 
with strongly upturned apices dozieri. 

7. General color dark, brownish or sordid green 

General color light, greenish or yellow. 

8. Size large, 8 mm.; pronotum, scutellum and dorsal portion of elytra fuscus. . ./wscws. 

Size smaller, near 7 mm 

9. Sordid green without bands or stripes 

Vertex pale with broad brown band between eyes, elytra dark with pale nervures, 

giving it a striped appearance necopinm. 

10. Size large, 7.5 mm. or more, male plates short fallax. 

Size small, less than 7..5 mm., often appearing almost black in color; male plates 

of medium length 

11. Vertex more subangulate, lighter color fergatus. 

Vertex more rounded, a distinctly blacker color tergatus var. melanotus. 

12. Vertex or elytra with red or dark markings 

Vertex and elytra greenish or yellowish 

13. Margin of vertex with more or less distinct broad red or orange band between eyes, 

elytra unmarked rugicollis. 

Margin of vertex without red band but with two dark spots, elytra yellowish green 
with a more or less distinct dull, three -lobed fuscus stripe along the suture. 

surturalis. 

14. Head subangulate, body quite narrow, a cross nervure between the two inner veins 

of clavus occidentalis. 

Head -rounded, body usually broad, inner veins of clavus without a cross nervure .... 

15. Female last ventral segment notched, bearing spatulate process from its apex; male 

valve broad and short, plates long, gradually tapering 

Female last ventral segment notched, but without spatulate process; male valve and 


plates variable 

16. Spatulate process not cleft at apex; styles not extending past plates spatulatus. 

Spatulate process cleft at apex ; styles extending past plates and visible from 

below limosus. 

17. Female segment with sides of notch each bearing a lateral median acute tooth; male 

plates short .viridius. 


Female segment with sides of notch without acute tooth; male plates longer 

18. Size large, 6.5 mm. or more 

Size small, 6.5 mm. or less 

19. Color greenish yellow, female last ventral segment with median notch reaching to 

base; notch and posterior margin bordered with dark brown; male valve very 

short, plates broad and short, about three times length of valve latifrons. 

Color uniform pale green, female last ventral segment with median notch reaching not 
more than one-third distance to base 

20. Female last ventral segment long, with a broad, shallow notch, narrowed toward 

apex, posterior margin of lobes sinuate ; male plates narrowed at half their length, 

then produced unicolor. 

Female last ventral segment longer and narrower, narrow median notch reaches one- 
third distance to base, sides convexly rounded and often overlap along median 
line, posterior margin of lobes rounded; male plates broader and longer than in 
unicolor similis. 

21. Head broader, 1.75 mm., more roimded, body more robust 

Head narrower, 1.5 mm., more angulate, body narrower 

22. Color pale yellows some almost colorless, female last ventral segment with lateral 

angles rounded; male valve with apex a right angle pallidus. 

Color greenish yellow, female last ventral segment with lateral angles broadly obtuse ; 
male ^-alve with apex broadly obtuse rubidim. 

23. Eyes dark; color dark yellow; posterior margin of female last ventral segraent with 

deep notch with sides strongly convex convexus. 

Eyes red; color pale yellow; male valve broad at base, rounded at apex; plates 
narrower than valve, about three times the length; pygofer one-half longer than 
plates durus. 
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24. Vertex usually with di.stinct transverse band across middle between eyes 

Vertex without definite markings in the form of either spots or bands. 

25. Size large, 7.5 mm., distinctly reddish brown in color .lusorius. 

Size smaller, less than 7 nim., color yellowish green scutiellatm, 

26. General color browni.sh or sordid green 

General color light, pale green or yellowish 

27. Vertex subangulate to rounded rotundtis. 

Vertex angulate 

28. Median notch in female last ventral segment U-shaped 

Median notch in female last ventral segment V-ahaped 

29. Sides of median notch in female last ventral segment toothed sordidus. 

Sides of median notch in female last ventral segment not toothed divergens. 

30. Lateral angles of last ventral segment of female acute and prominent; sides of notch 

not tinged with brown, iridescens. 

Lateral angles of last ventral segment of female obtuse; sides of notch tinged with 
brown fumidus. 

31. Small, not more than 6.5 mm 

Larger, 6.6 mm. or more 


32. Vertex distinctly angled, almost twice as long at middle as next the eye, sometimes 

conical 

Vertex more bluntly angled, not more than one-half longer at middle than next the 
eye 

33. At least 6.6 mm. in length, male valve sinuate, apex notched, apices of plates not 

produced in long fingerlike processes vividus. 

Length 4.5 mm., male valve obtusely rounded, apices of plates produced in long 
fingerlike processes delta, 

34. Small, not exceeding 5 mm. in length 

Large, 6 to 6.6 mm. in length 

35. Female last ventral segment with a rather broad V-shaped notch, lateral angles 

slightly produced, male plates broad borealis. 

Female last ventral segment with a very narrow notch, lateral angles strongly pro- 
duced; male plates narrow and parallel on apical half excultus. 

36. Lateral lobes of female last ventral segment broad and more or less rounded 

Lateral lobes of female last ventral segment angled or angularly rounded 

37. Notch in female last ventral segment extending more than half distance to base 

Notch in female last ventral segment extending half or less than half distance to base, 


38. Eyes red; posterior margin of last ventral segment concavely rounded cape7isis. 

Eyes dark; posterior margin of last ventral segment convexly rounded. . 

39. Dark spot on median line of base of last ventral segment maculosus. 

Without dark spot on last ventral segment angmtits. 

40. Vertex about one-third longer at middle than next the eyes; female segment with 

the sides of notch convexly rounded vacuum. 

Vertex longer, one-half longer at middle than next the eyes; sides of female notch 
concavely rounded distinct us. 

41. Female segment notched, bearing a spatulate process at its apex 

Female segment usually notched but without spatulate process 


42. Last ventral segment of female with spatulate process twice as long os wide. . . .balli. 
Last ventral segment of female with spatulate process about equal in length and 

width 

43. Lateral angles of last ventral segment acute and prominent, sides of notch concave; 

male plates long and slender apically attenuatus. 

Lateral angles of last ventral segment obtuse and not prominent, sides of notch 
sinuate .slnuosm. 

44. Last ventral segment of female with side margins short, rounding to posterior margin 

which is notched giving the appearance from the ventral side of four teeth. 

dentatm. 

Last ventral segment of female with side margins longer than at center of median 

notch 

46. Length, 7 mm punicatus. 
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Length, more than 7 mm 46 

46, Female segment slightly emarginate with a brown spot at center; male valve notch 
at middle stolatus. 

Female segment black margined, with notch at center, broadly, shallowly emarginate 
either side; male valve rounded, without notch .nudatus. 

Chlorotettix angustus sp. n. 

(PL XXI, fig. 7; PL XXIT, figs. 6, 6a ; PL XXIII, figs. 8, a-c) 

Resembling galbanatus, but with natch in last ventral segment of 
female excavated only one-half distance to base instead of nearly to 
base; male genitalia distinct. Length, 6 to 6.5 mm. Vertex ob- 
tusely angled, one-half longer at middle than next the eye. 

Color, Greenish-yellow, Eyes dark. Elytra subhyaline. Ventral 
side greenish-yellow. Tarsal claws black. 

Genitalia. Last ventral segment of female twice as long as pre- 
ceding segment, with lateral angles obtusely angled and prominent ; 
posterior margin with a median, narrow, V-shaped notch reaching 
one-half distance to base; ovipositor slightly exceeding pygofer. 
Male valve broad at base and obtusely angled on posterior margin, 
about one and one-half times as long as preceding segment; plates 
long, slightly less than three times length of valve, broad at base, 
gradually becoming broader for one-third distance from base then 
gradually narrowing to obtuse apex; about same length as pygofer 
with inner margins meeting in a furrow. 

Holotype. Female, Batesburg, S. C., August 24, 1930, L. D. Tut- 
hill. 

Allotype. Male, same data. 

Types deposited in Snow Entomological Collection. 

Chlorotettix attenuatus sp. n. 

(PL XXI, fig. 12; PL XXII, figs. 6, 6a; Pi. XXIII, figs. 5, a-c) 

Resembling ballij but with shorter spatulate process in female and 
with male plates more narrowed in apical half. Length, 6.75 to 7 mm. 

Vertex one-half longer at middle than against the eye, subangulate. 

Color. Yellowish-green. Eyes dark. Elytra subhyaline, some- 
what smoky apically. Underside uniformly yellowish-green except 
for brownish tarsal claws. 

Genitalia. Last ventral segment of female with lateral angles 
prominent and distinctly angulate; posterior margin smoothly ex- 
cavated to about one-half the length of the segment and bearing a 
short spatulate process which is about as wide as long; ovipositor 
slightly exceeding pygofer. Male valve large, subangulate; plates 
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broad basally^ then slightly narrowed to long and acute spine which 
about equals the pygofer; pygofer, viewed laterally, excavated on 
posterior margin between an upper and a larger lower lobe. 

Holotype. Female, Atherton, Mo., July 2, 1922, C. F. Adams. 

Allotype, Male, same data. 

Paratype, Male, Atherton, Mo., June 18, 1922, C. F. Adams. 

Types deposited in Snow Entomological Collection. 

Chlorotettix C07ivexus sp. n. 

(PL XXI, fig. 4; PL XXII, fig. 11) 

Resembling vacuum, but with vertex more rounded and notclied 
in last ventral segment, broader at apex. Length, 6 to 6.25 mm. 
Vertex rounded and one-third longer at middle than next the eye. 

Color. Greenish-yellow. Eyes dark. Elytra subhyaline tinged 
with yellow. Ventral side yellow. Tarsal claws brown. 

Genitalia. Last- ventral segment of female with lateral angles 
large, distinctly but obtusely angled; posterior margin broadly ex- 
cavated three-fourths distance to base, sides of notch strongly con- 
vex and apex tinged with brown; ovipositor slightly shorter than 
pygofer. 

Holotype. Female, Gulfport, Miss., August 1, 1921, G. J. Drake. 

Paratype. Female, Woodville, Miss., July 25, 1921, C. J. Drake. 

Holotype deposited in Snow Entomological Collection; paratype 
in Doctor Drake’s Collection. 

Chlorotettix durus sp. n. 

(PL XXI, 5; PL XXII, fig. 12; PL XXIII, figs. 3, a-c) 

Resembling rugicollis, but wdth distinct genitalia and slightly 
smaller. Length, 6 mm. Vertex rounded, one-third longer at middle 
than next the eye. 

Color. Greenish-yellow. Eyes red. Elytra subhyaline. Ventral 
side yellow. Tarsal claws brown. 

Genitalia. Male valve one-third longer than preceding segment, 
broad at base, rounded at apex; plates narrower at base than valve, 
gradually becoming wider to middle then slowly narrowing to a veiy 
obtuse or nearly truncate apex, nearly three times as long as valve ; 
pygofer exceeding plates by one-half length of latter. 

Holotype. Male, Ft. Myers, Fla., August 14, 1930, J. Nottingham. 

Type deposited in Snow Entomological Collection. 
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Chlorotettix fmcus sp. n. 

(PL XXI, fig. 6; PI. XXII, fig. 13) 

Resembling necopinics, but without dark transverse band between 
eyes. Length, 8 mm. Vertex one-third longer at the middle than 
next the eye, obtusely rounded. 

Color, Pronotum, scutellum and dorsal portion of elytra fuscous; 
vertex, lateral margins of pronotum and of elytra lighter. Eyes 
dark. Dorsal and lateral sclerites of abdomen mostly black. Ven- 
tral side yellow. Tarsal claws brown. 

Genitalia. Last ventral segment of female with lateral angles 
obtuse; posterior margin slightly concave to a median, V-shaped 
notch reaching two-thirds distance to base; ovipositor slightly ex- 
ceeding py gofer. 

Holotype. Female, Prattsville, Ala., July 21, 1930, R. H. Beamer. 

Paratypes. One female, Prattsville, Ala., July 21, 1930, R. H. 
Beamer; 2 females, Dennis, Miss., July 6, 1921, C. J. Drake. 

Two paratypes deposited in Doctor Drake’s Collection; other 
types deposited in Snow Entomological Collection. 

Chlorotettix latifrons (Sanders and De Long) 

(PI. XXI, fig. 14; PL XXII, fig. 2; PL XXIII, figs. 7, a-c) 

The male is here described for the first time. Resembling unicolor 
in size and form, but greenish-yellow in color. Length to tip of 
pygofer 6 mm.* Vertex broadly rounded, about the same length at 
middle as next the eye. 

Color. Greenish-yellow. Eyes dark. Elytra subhyaline. Ven- 
tral side yellow. Tarsal claws brown. 

Genitalia. Male valve slightly more than one-half the length of 
preceding segment, broad at base, posterior margin very broadly 
angled ; plates broad at base and short-, broadening slightly at first, 
then narrowing slowly for first half, then rapidly to an obtuse or 
nearly truncate apex which does not quite reach end of pygofer; 
margin fringed with spines; end of pygofer incurved. 

Allotype. Male, Okolona, Miss., June 29, 1921, C. J. Drake. 

Allotype deposited in Snow Entomological Collection. 


Apes of wings broken off. 
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Chlorotettix latics sp. n. 

(PL XXI, fig. 9; PL XXII, figs. 9, 9a; PL XXIII, figs. 2, a-c) 

With a very broad and parallel-margined head, resembling dozien, 
but with lateral lobes of female last ventral segment more pointed, 
and the male plates narrower and not upturned at apex. Length, 
5.75 to 6 mm. 

Head distinctly wider than pronotum. Vertex very broadly 
rounded and about the same length at middle as next the eye. Front 
broad and short. 

Color. Greenish-yellow. Eyes reddish-brown. Elytra, subhya- 
line, tinged with green. Ventral side greenish-yellow. Tarsal claws 
dark brown. 

Genitalia. Last ventral segment of female with lateral angles 
strongly produced and distinctly angulate; posterior margin with a 
deep, V-shaped notch two-thirds distance to base; ovipositor slightly 
longer than pygofer. Male valve short, obtusely angled; plates 
broad at base, narrowing to blunt, slightly diverging apices which 
are a little longer than pygofer, 

Holotype. Female, Hilliard, Fla., August 19, 1930, L. D. TuthilL 

Allotype. Male, Hilliard, Fla., August 31, 1930, .Paul W. Oman. 

Paratypes. Forty-two females and 42 males, all taken at Hilliard, 
Fla., August 19 and 31, 1930, by L. D. Tuthill, Paul W. Oman, R. H. 
Beamer, J. Nottingham. 

Types deposited in Snow Entomological Collection. 

Chlorotettix maculosus sp. n. 

(PL XXI, fig. 8; PL XXII, fig. 4) 

Resembling halliy but smaller and without spatulate process. 
Length, 6 mm. Vertex subangulate, one-third longer at middle than 
next the eye. 

Color. Greenish-yellow. Eyes dark, tinged with red. Elytra 
subhyaline. Ventral side yellow. Tarsal claws light brown. 

Genitalia. Last ventral segment nearly three times as long as 
preceding segment with lateral lobes broad and with lateral angles 
widely obtuse; posterior margin with a rather narrow median V- 
shaped notch reaching one-half the distance to base which has a 
faint brownish spot on median line; ovipositor slightly exceeding 
pygofer. 

Holotype. Female, Polk county, Ark., August 21, 1928, R. H. 
Beamer. 
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Paratype. Female, Natchitoches County, La., August 16, 1928, 
A. M. James. 

Types deposited in Snow Entomological Collection. 

Chlorotettix palUdus sp. n. 

(PI. XXI, fig. 13; PL XXII, figs. 1, la; PL XXIII, figs. 4, a-c) 

Resembling spatulatics in form and size but paler, without the 
spatulate process. Length, .5.75 to 6.5 mm. Vertex rounded and 
slightly longer at the middle than next the eye. 

Color. Pale yellow. Eyes light to dark, some tinged with red. 
Elytra subhyaline. Ventral side light yellow. Tarsal claws brown. 

Genitalia. Last ventral female segment with lateral angles promi- 
nent and bluntly angled; posterior margin with a broad, deep, V- 
shaped excavation reaching almost three-fourths the distance to 
base, excavation rounding at the apex; ovipositor about the same 
length as narrow pygofer. Male valve longer than preceding seg- 
ment, apex nearly a right angle; plates broad at base, roundingly 
narrowing to a very obtuse, nearly truncate apex which exceeds 
pygofer, margin fringed with spines. Pygofer with apex blunt, witli 
a pair of large, straight spines directed downward and backward 
from the ventral posterior margin. 

Holotype. Female, Cameron Co., Texas, August 3, 1928, L. D. 
Beamer. 

Allotype. Male, Cameron Co., Texas, August 3, 1928, R. H. 
Beamer. 

Paratypes. Fifty females and 17 males, Cameron Co., Tex., 
August 3, 1928, b}’' R. H. Beamer, L. D. Beamer, Jack Beamer, 
A. M. James, J. G. Shaw; 9 females and 7 males, Hidalgo Co., Tex., 
July 28, 1928, by R. H. Beamer, A. M. James; 1 female, Hidalgo 
Co., Tex., July 31, 1928, by R. H. Beamer; 1 female, Hidalgo Co., 
Tex., xMigust 2, 1928, by R. H. Beamer; 2 females and 1 male, 
Brooks Co., Tex., July 25, 1928, by A. M. James; 1 female, Brazoria 
Co., Tex., August 10, 1928, by R. H. Beamer; 2 females and 2 males, 
Brownsville, Texas, June, F. H. Snown 

Types deposited in Snow Entomological Collection. 


17— 31S2 
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Chlorotettix rotundus sp. b. 

(PI. XXI, fig. 10; PI. XXII, fig. 3; PI. XXIII, figs. 1, ii-c) 

Resembling timicatm, but with vertex narrower, slightly browner 
in color, and with distinct internal male genitalia. Lengtli, 6.5 iiim. 
Vertex one-half longer at middle than next the eye, subangiilate. 

Color, Brownish-yellow, Eyes dark. Elytra subliyaline. Ven- 
tral side yellow. Tarsal claws brown. 

Genitalia. Male valve slightly longer than preceding segment, 
broad at base, posterior margin rounded at apex; plates broad at 
base, gradually narrowing to a very obtuse or truncate apex, margin 
fringed with spines below and fine hairs above, slightly exceeding 
pygofer. Plates of rotundus similar to those of tunicatus, except 
that in tunicatus plates are convex below, while in rotundus plates 
are slightly concave along line where two plates meet; apices more 
acute in rotundvj?. Processes on end of oedagus in rotundus project 
straight from oedagus, while in tunicatus they project diagonally. 
Styles vaiy widely in shape. 

Holotype. Male, Polk county, Ark., July 21, 1928, L. D. Beamer. 

Paratypes. One male, Polk county, Ark., August 21, 1928, R. H. 
Beamer; 3 males, Tuskegee, Ala., July 22, 1930, L. D. Tuthill; 2 
males, Shuqualak, Miss,, July 16, 1930, R. H. Beamer; 1 male, Wal- 
nut, N. 0,, August 20, 1930, Paul W. Oman; 1 male, Scott couiity, 
Ark., August 23, 1928, R. H. Beamer; 1 male, Prattsbiirg, Ga., July 
25, 1930, R. H. Beamer. 

Types deposited in Snow Entomological Collection. 

Chlorotettix rubidv^s sp. n. 

(PI. XXI, fig. 1; PI. XXII, figs. 8, 8a; PI. XXIIt, figs. (5, a-c) 

Resembling capensis^ but with a less pointed vertex and lobes of 
ventral segment more rounded. Length, 6 to 6.5 mm. Vertex 
rounded, slightly longer at the middle than next the eye. 

Color. Greenish-yellow. Eyes dark red. Elytra subliyaline. 
Ventral side greenish-yellow. Tarsal claws reddish-brown. 

Genitalia. Last ventral segment of female with lateral angles 
broadly obtuse; posterior margin with broad median V-shaped 
notch, which is tinged reddish brown at apex and reaches a little 
more than two-thirds the distance to base; ovipositor slightly ex- 
ceeding pygofer. Male valve nearly twice as long as preceding seg- 
ment, very broad at base and obtusely angled; plates, three times 
as long as valve, broad at base, gradually becoming broader for 
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one-fifth distance from base, then gradually narrowing to very ob- 
tuse or truncate apex, mai'gin fringed with hairs; py gofer slightly 
exceeding plates. 

Holotype. Female, Plant City, Fla., August 15, 1930, J. 0. Not- 
tingham. 

Allotype. Male, Hilliard, Fla., August 19, 1930, R. FI. Beamer. 

Paratypes. Two females, Sanford, Fla., Sept. 19, 1929, C. 0. 
Bare; 1 female, Yankeetown, Fla., July 31, 1930, Paul W. Oman; 

1 female, Natchitoches county, La., August 16, 1930, A. M. James; 

1 female. Orange county, Tex., August 14, 1928, R. H. Beamer; 1 
male, Plant City, Fla., June 5, 1926, C. 0. Bare; 1 female, Cocoanut 
Grove, Fla., August 9, 1930, Paul W. Oman; 1 male, Woodville, 
Miss., July 25, 1921, C. J. Drake; 1 male, Homestead, Fla., August 
9, 1930, J. Nottingham. 

Types deposited in Snow Entomological Collection. 

Chlorotettix sinuosus sp. n. 

(PI. XXI, fig:. 2; PI. XXII, fis. 10) 

Resembling baUi, but with a shorter spatulate process in female 
and last ventral segment not so deeply notchecl. Length, 6.5 to 7 
mm. Vertex one-third longer at the middle than next the eye, sub- 
angulate. 

Color. Greenish-yellow. Eyes dark. Elytra subhyaline. Ven- 
tral side yellow. Tarsal claws brown. 

Genitalia. Last ventral segment with lateral angles roundingly 
angled; posterior margin sinuated, with broad, shallow, median 
notch reaching one-third distance to base of segment, at apex of 
whicli is a sliort, emarginate, spatulate process which is about as 
broad as long; ovipositor slightly exceeds pygofer. 

Holotype. Female, Columbus, Miss., July 24, 1921, C, J. Drake. 

Pamtype. Female, Columbus, Miss., July 24, 1921, C. J. Drake. 

Holotype deposited in Snow Entomological Collection; paratype 
in Doctor Drake’s Collection. 
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Chlorotettix sordidus sp. n. 

(PL XXI, fig. 3; PL XXII, fig. 7) 

Resembling tergatiis, but smaller and with vertex more arigiilato. 
Length, 7 mm. Vertex distinctly angulate, one-half longer fit middle^ 
than next the eye. 

Color. Sordid greenish-yellow. Eyes dark. Elytra siibiiyaliiic 
with a smoky, brownish tinge. Ventral side yellowisli. Tarsal 
claws brownish. 

Genitalia. Last ventral female segment very long witli lateral 
angles much produced and distinctly angulate; posterior margin 
with a broad, V-shaped excavation reaching seven-eighths tlie dis- 
tance to base, its edges tinged with brown; ovipositor longer tluin 
pygofer. 

Holotype. Female, Caddo county, La., August 19, 1928, L. 1). 
Bearner. 

Pa7'atypes. Two females, Port Gibson, July 20, 1921; 2 females, 
Port Gibson, July 21; 5 females. Meridian, August 14, 1921; 1 
female, Yazoo City, July 6, 1921; 1 female, Dennis, July 6, 1921; 
1 female, Tishomingo, July 7, 1921; all paratypes from Mississippi 
taken by C. J. Drake. 

Types deposited in Snow Entomological Collection. 
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PLATE XXI 

HEADS 


1. 

mbidus. 

6. fuscus. 

11. 

similis. 

2. 

sinuosus. 

7. angustus. 

12. 

attemuitus. 

3. 

sordidiis. 

8. znaculosus. 

13. 

pallidus. 

4. 

convexus. 

9. latus. 

14. 

latifrons. 

5. 

durus. 

10. rotundus. 
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PLATE XXII 

EXTERNAL MALE AND FEMALE GENITALIA 


1. paliichis — la. 

2. latifrons. 

3. rotimdus. 

4. maculosus. 

5. angustiis— 5a. 


6. attenuatiis— 6a 

7. sordidus. 

8. nibidus — 8a. 

9. latus — 9a. 

10. sinuosus. 


11. convexus. 

12. diirus. 

13. fuscus. 

14. simiiis — 14a. 


1— female. 


la — male. 
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PLATE XXIII 

INTERNAL MALE GENITALIA 


1. 

rotundus. 

la. 

lb. 

Ic. 

2. 

latus. 

2a. 

2b. 

2c. 

3. 

durus. 

3a. 

3b. 

3o. 

4. 

pallidus. 

4a. 

4b. 

4c. 

5. 

attenuatiis. 

5a. 

5b. 

6c 

6. 

rubidus. 

6a. 

6b. 

6c. 

7. 

latifrons. 

7a. 

7b. 

7c. 

8 . 

angustus. 

8a. 

8b. 

8c. 

9. 

similis. 

9a. 

9b. 

9c. 


1 — Side view of pygofer. 
a — Dorsal view of style. 


b — Dorsal view of oedagua. 
c — -Lateral view of oeclagus. 
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A New Species of Lizard from Mexico 

EDWARD H. TAYLOR, 

Department of Zoology, University of Kansas 


Absteact: a species of skink, Eumeces indubiim, is described, related to 
E. duged, but differing in the character of the supraoculars and in color. The 
habitat of the species is the Mexican states of Michoacan, Mexico, and 
Morelos, 


A MONCJ the lizards obtained in southern Mexico in the summer 
of .1932j by Hobart Smith and myself, is a medium-sized skink 
belonging to the genus EtiniaceSy which appears to be new to science. 
The form is represented in the collection by a series of thirty-three 
specimens^ all from the southern part of the Mexican highland. 

This southern Mexican region is of especial interest to the herpe- 
tologist, since the fauna, especially the lacertilian part of it, is rich 
and varied. Many of the genera are of the plastic type, and these 
register, as external scale and color characters, the effects of the 
environment. 

Many species, too, seem to be of limited distribution. The fauna 
is sucl) as to suggest a condition as might obtain if the s|)ccies from 
a wide territory were herded togetlier and driven into a niucl) 
sinaller ieritory by some impelling environmental factor. In Mexico 
ill the region south of tlie Tropic of Cancer are to be found not less 
than a dozen species of tlie genus Evmeces, representing most of the 
principal groups of the genus. 
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Eumeces indubitus sp. nov. 

Type. No. 1731, Taylor-Smith collection: Collected July 9, 
1932, on the Mexico-Cuernavaca highway, about forty miles south- 
east of Mexico City (kilometer 63), by Edward H. Taylor and 
Hobart Smith. 

Diag^iosis. A medium-sized, robust species; four supraoculars, 
the three anterior in contact with tlie frontal ; the parietals inclos- 
ing small interparietal; one postmental; no postnasal; the subcaudals 
distinctly widened; seven upper labials, seven superciliaries ; the 
seventh upper labial broadly in contact with the upper secondary 
temporal; primary temporal small, widely separated from lower 
secondary or tertiary; 24 scale rows about middle of body; 57 to 
61 scales from occiput to above anus. Limbs moderately large, but 
failing to touch, even in young, when adpressed. Color above, 
olive to olive-brown with a short dorsolateral light line from rostral, 
the line disappearing on the shoulder; a narrow labial light line 
terminating at ear; no median light line or forking lines on the head. 

Description of the Type. Adult male. Portion of rostral visible 
above, equal to about half the size of the frontonasal; internasals 
large, broadly in contact; frontonasal hexagonal, forming sutures 
with the loreals, and narrowly in contact with the frontal, forming 
its longest sutures with the prefrontals; later narrowly separated, 
forming sutures with first superciliary, both loreals and the anterior 
supraocular; frontal longer than its distance from the end of the 
snout, obtusely angular anteriorly, somewhat rounded posteriorly, 
somewhat narrowed in the middle, and only a little wider in the 
anterior part than in the posterior; four supraoculars, the anterior 
longer than wide with an area scarcely less than the fourth, tlie 
three anterior bordering the frontal; the frontoparietals larger 
than prefrontals, their common suture less than half their lengtli; 
interparietal short and broad, imdosed behind by the parietals which 
are more than twice as long as their greatest widtii; two pa,irs of 
nuchals, the anterior somewhat the larger; nasal of moderate size, 
divided, the anterior part not as large as the posterior part with 
nostril ; anterior loreal distinctly higher than long, higher than the 
posterior, which is considerably longer than high ; seven superciliaries, 
the anterior less than one and one-half the size of the second; two 
subequal presuboculars; four posterior suboculars; primary tem- 
poral less than one-fourth the size of the upper secondary temporal; 
latter very broadly in contact with the seventh labial, the suture 
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more than half its length; seven upper labials, four preceding the 
subocular, which is low and elongate; seventh nearly double the 
size of the sixth and separated from the ear by a pair of small post- 
labials; tertiary temporal (the lower secondary presumably want- 
ing) small; ear surrounded by 16 scales, the opening no larger than 
the first upper labial; six lower .labials, the last elongate; mental 
large, deep, with a distinctly larger labial border than rostral; one 
azygous postmental; three pairs of chinshields, only one in contact; 
the postgenial large, bordered on its anterior inner edge by a scale 
wider than long; eye small, the lower eyelid with four or five en- 
larged opaque scales separated from the suboculars by at least three 
rows of granules; two or three median palpebral scales directly in 
contact with superciliaries, others separated by small granular scales. 
Scales on the dorsal surface and sides about equal in size, 24 rows 
about the middle of the body; 29 rows about neck behind ear; 30 
about the constricted portion of the neck; 30 about body in axillary 
region; 15 rows about the base of the tail; 57 scales from occiput 
to above the anus ; scales under the tail two and one-half to three 
times as broad as long; preanal scales large, broad, with two small, 
scarcely differentiated, scales on each side, the outer overlapping 
inner; lateral postanal scale not or scarcely differentiated; scales 
behind ear, about insertion of arm and in axillary region, on posterior 
side of femur, behind insertion of hind limbs, and along side of anus, 
with numerous distinct pits; two small auricular lobules. 

Legs moderately large, separated when adpressed by a length of 
three or four scales; a very small area of granular axillary scales; 
wrist tubercle flat, well differentiated; several larger rounded tu- 
bercles on palm mixed with smaller tubercles; lamella formula, 5 : 
8 : 11 : 10 : 7. Heel bounded by five large, flattened, tubercular 
scales, contiguous or overlapping one or two differentiated tubercles 
on sole; lamella formula, 5 : 9 : 11 : 13 : 9. Terminal lamella on 
toes not tightly bound about claws; no intercalated series of scales 
along the side of the fourth toe. 

Oolo7' in Life. Above a light olive-brown, the head somewhat 
browner; darker flecks in the median part of each scale, more prom- 
inent posteriorly and tending to form dotted darker lines ; a dorso- 
lateral cream line, bordered on its inner edge with black, begins on 
rostral and continues on the side of the head and neck, but loses its 
identity on the shoulder; the two median scale rows are a shade 
darker than the two adjoining rows on each side; beginning on the 
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side of the head is a dark blackish or blackish-brown stripe, tlie 
color not uniform; each scale with light bronze areas, the black 
concentrated on the, anterior part of the scales and tending to form 
an indistinct line on each scale row; a cream line beginning on the 
rostral passes along the lower edge of the first four laliials and 
through the middle of the last tliree, the edges of the line clearly 
demarcated, terminates in the lower anterior corner of the ear; be- 
low the dark lateral stripe the ground color is grayish, and the scales 
have darker areas forming two or three veiy indistinct, dotted lines; 
lower labials light, bordered with darker; chin, lower side of neck 
and breast light, a few of the scales with darker flecks; hind legs 
darker than forelegs, each scale with 'lighter flecking; tail bluish 
gray, lavender blue below; lamellae under toes dark. 

Variation. The table, giving data from a part of the series avail- 
able, shows the principal variation of this species as regards meas- 
urements and scale variation. 

The number of scale rows is 24 save in two cases where tlicrc are 
but 22 rows; the number of upper labials is constantly 7 ; one speah- 
men shows the third and fourth partially fused on one side. Only 
a single specimen shows the parietals separated, and this only very 
narrowly. Scales about the ear vary from 15 to 18, the nunibors 
15 and 16 most frequent; the higher numbers rarely occur. Tlie 
scales from occiput to above anus vary from 57 to 61, 59 being 
twice as frequent as the other numbers. One postmental and no 
postnasal seem to be invariable characters. The seventli labial is 
invariably the largest, frequently double the size of the sixth ; sub- 
digital lamelljB under fourth toe 11-14, 12 and 13 being the most 
usual number. The number of the supraoculars is invariable. The 
temporals are surprisingly stable in character. 

In color, tile ground color varies in shade from darker to liglitor. 
In younger specimens the color on the dark lateral stripe may be 
uniformly black. The character of tlie light lines does iiol* vaiy, 
and is identical in the very young (31 mm.) and in adults. In 
young the tail is a bright blue, and this color is usually rcvtaiiietl liy 
the adults, but with blackish or gray flecks breaking the uiiifornvity. 
There is no trace of a lateral line from behind the ear along tlie 
side. The head in the young is never black. The dotted dark dorsal 
I'nes are more distinct in some specimens than in otlicrs. 

Relationship. The relationship of this species is with Eunieces 
duges% despite the very striking difference in the character of the 
scales of the top of the head. It show^s a parallel development witli 
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Measurements and scale counts in Eumeces indvhitm sp. nov. 
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that which has taken place in the ly7ixe group. Fiircirastrk witli 
three supraoculars stands to lynxe as dugesi does to indiibitm. How- 
ever, it appears that in the two latter the different eliaraeters ha\'e 
become stabilized. 

This new form may readily be separated from Evmieces dugesi by 
the character of four supraoculars, three touching the frontal, instead 
of three supraoculars, with only two touching tlie frontal. The con- 
trast of color between the dorvSal surface and the sides is much more 
pronounced in dugesi than in indubitus; the former often becomes 
yellowish bronze, and even silvery above. In all tlie specimens 
examined, thirty-three in all, there is no evidence that the characters 
separating the two forms overlap or intergrade. 

The vspecies may be more distantly related to Etimeces brevirostris 
Gunther as suggested by the presence of a large seventli labial which 
makes contact with the upper secondary temporal. 

Remarhs. The present knowm distribution of this f()3‘rn is tlie 
Mexican states of Morelos, Mexico, and Eastern MichoacaiL So 
far as is known, it is a high mountain form, as all specimens taken 
were found in the mountains in pine forest, under rocks or logs, 

The food of this species, judged by stomach contents, consists 
wholly of small insects. An examination of the reproductive organs 
gave no clue as to whether the form is oviparous or ovoviviparous, 
since neither the ovaries nor uteri contained developing eggs. It is 
highly probable, however, that this, like its close relatives, dugesi^ is 
ovoviviparous. 

A single paratype (No. 1672) was presented to the Instituto de 
Biologia in Mexico City. 
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PLATE XXIV 

Fig. 1. Enlarged drawing, lateral view of head of Eimiecaa indubitiiH «p. nov. 
(No. 1727, E, H. T. and li. S. Collection), which shows slight variation in scale 
characters from the type. Actual length of head, snout to end of pariotals, 
10 mm. 

Fig. 2. Same, dorsal view. 
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PLATE XXIV 
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PLATE XXV 

Fia. A. Photograph of Eumeces indubilus (No. 1674, E. H. T. and H. S. 
Collection) from type locality. About actual size. 

Pm. B. Photograph of the type specimen, about actual size. 
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Observations on the Courtship of Turtles 

EDWARD H. TAYLOR, 

Department of Zoology, tlniversity of Kansas 

O N October 2, 1932, about 150 turtles were received by the De- 
partment of Zoology, University of Kansas, from the ponds of 
the State Fish Hatchery at Pratt, Kansas. On receipt they were 
placed in a water tank, 4 feet by 18 feet, in a room in the basement 
of the biology building. This room had no outside source of light, 
and was kept at ordinary room temperature. 

A few days after they arrived they were given a large feed of 
cooked table refuse consisting of fruits, meats, and vegetables, which 
they ate with great greediness. A census was taken on October 15, 
and the following specimens were present: 3 Amy da mutica; 14 
Chelydra serpentina; 12 Pseudemys elegans; 35 Kinosternon flavc- 
seem; 80 Chrysemys marginata belli Several small Ghrysemys had 
died, or had been killed; and several had been partially eaten by 
the larger turtles. At this time a second large feed of cooked meat 
and vegetables, and raw lettuce was given them. All seemed to eat 
to the point of satiation. 

On October 16 I observed a male of Chrysc/niys behaving in an 
unusual manner. He would start following a female of the same 
species, and by swimming faster would quickly overtake her; then, 
by whirling himself about in the water, he would start swimming 
backwards just in front of the female, who continued swimming 
straiglit ahead. Then the male would slow down, and as the female 
approached, he would push himself forward toward her, stretch 
out his arms full length forward, with the palms turned outward, 
the claws and fingers straightened, and vibrate them rapidly against 
the chin and lores of the swimming female. The fingers would 
touch the female from five to seven times during the continued 
vibration, which lasted perhaps less than one and a half seconds. 
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He would then withdraw his arms, and continue swimming back- 
ward ahead of the female. After an interim of from four to five 
seconds, this same action would be repeated in practically the same 
way. In this particular manner the act was repented twelve times 
before they were interrupted by another turtle separating theun by 
chance. Then the male turned, sought out another mate, and began 
the same type of courtship witli her. 

The turtles were watched at this time for nearly an hour, and 
eight courtships of this type were observed, although it was not im- 
possible that the same individuals had taken part in more tlian one. 
The activity took place usually, but not invariably, at the surface 
of the water. 

On October 17 the tanks were drained and cleaned and filled with 
fresh tap water, after which courtsliip began again, and as many as 
eight pairs were seen performing this strange series of maneuvers 
at the same time. It is probable that all the adult specimens were 
active by this time. The females seemed, throughout my observa- 
tions, to be quite indifferent to the males, paying no more attention 
to one than to another of the males that approached them. When 
the lights were turned out the turtles all seemed to become quiescent; 
but shortly after turning on the lights, the whole tank would begin 
movement, and the courtships would be continued by the Chrysemys, 
The other species, however, remained quiet at tlie bottom of tlie 
tank. On the succeeding days occasional observations showed that 
the activity was continuing unabated. 

On October 26 courtship was first noticed between members of 
the Pseudemys elegam group; and the procedure was almost identi- 
cal with that of the Chrysemys, at least tlie differences are not 
easily described, save that the act was usually not repeated more* 
than four or five times without a temporary cessation of activity. 
Up to this date no turtles were seen in copulation. 

On October 27 a group of Chrysemys males tliat W(‘re actively 
carrying on a courtship were placed in a separate tank. At first 
they kept swimming about very rapidly as if seeking females, Their 
mode of sex recognition could not be determined, save that wlien a 
male was approached, and the arms were extended, the second male 
would thrust his arms forward, and the two would abandon cacli 
other. My observations were interrupted, and I left, leaving the 
room lighted; on my return three pairs of males were keeping up 
the play with each other. Each kept the same approximate posi- 
tion, moving back a few inches; then each advancing, vibrated the 
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fingers against the fingers of the other. On occasion this would be 
kept up for two or three minutes. 

On October 28, shortly after the room was lighted, the males again 
became active; and after a considerable amount of swimming about, 
three pairs of males were again observed continuing the courtship. 
When tliree females wure placed in tlie tank, two and even more 
males might attempt to engage her attention. On this date a male 
Kinostemon flavescens was observed attempting copulation with a 
small female Chrysemys. The shell of the female was held by all 
four feet of the Kinostemon from a dorsal position. The latter would 
lift his body and strike the shells together. 

On October 29 a pair of Kinostemon were observed in copulation, 
and two other pairs were observed clasping and apparently tapping 
their bodies together. Here the semiprehensile tail with its spine- 
like tip serves as a very efficient grasping organ. When clasping, the 
male holds the female^s shell by all four of his feet and his tail. 
In copulation the liold of the front feet is loosened, and the male 
stands erect. 

Two Chelydra sc'rpentma were seen on November 11, their heads 
close together in shallow water; they appeared to be gulping in 
water and then forcing it through their nostrils, causing a ‘"boiling” 
of the water in two areas above their heads at the surface. This 
was continued for about ten minutes, tlieir heads close together, 
sometimes touching. After cessation of this behavior, I determined 
that a male and a female were involved. By this date the activity 
of the other foms had practically ceased, and no others were ob- 
served in copulation, except for a single pair of Chelydra^ which 
were found in copulation November 4; but these became disengaged 
almost as soon as tliey were discovered, and before accurate ob- 
servations could be made. A week later all the specimens were 
preserved. The Amy da midica were all females; no sexual activity 
was observed in this species. 

That the observed behavior of these forms constitutes the typical 
coiutsliip bel'iavior can scarcely be questioned, even though it may 
have been induced by high temperature and heavy feeding at a sea- 
son of the year when it does not normally occur. The peculiar 
courtship pattern is essentially identical in Chrysemys marginata 
belli and Pseudeniys elegans, and may likewise be the same in other 
aquatic genera of the family TestudinidjB. 

I am uncertain whether the curious behavior of Chelydra ser- 
pentina is to be considered as a courtship activity or not. It was 
observed only on a single occasion. 
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A New Bassariscus from the Lower Pliocene of Nebraska 

CLAUDE W. HIBBARD, 

The University of Kansas Museum of Vertebrate Paleontology 


Abstract : A new carnivore, Bassariscus ogallalce, is described from a speci- 
men in the University of Kansas Museum of Vertebrate Palcfintology from, tlie 
type locality of the Ogallala formation, Ogallala, Nebraska. Comparison is 
made with other known fossil species of the genus. 

T hrough the courtesy of Dr. H. H. Lane, acting curator in 
charge of the Department of Vertebrate Paleontology of the 
University of Kansas, I have been given the opportunity of studying 
and describing the right lower jaw of a new species of Bassariscus. 

Fossil remains of Bassariscus are rare, since there have been re- 
ported heretofore only three specimens of B. antiquus Matthew and 
Cook; one from the Upper Miocene of western Nebraska, one from 
the Upper Miocene of western Nevada, and another from the 
Pliocene of San Joaquin Valley of California. There is but a single 
known specnmen of B. parvus Hall from the Upper Miocene of west 
central Nevada. 

The specimen herein reported is from near tlie top of tlie Lower 
Pliocene. It was collected on the Feldt Ranch, approximately two 
miles east and one-half mile north of the town of Ogallala, Nebraska. 

The specimen was obtained during the summer of 1931 by William 
K. McNown and myself while making a survey of the Lower 
Pliocene through southe.rn Nebraska, western Kansas and western 
Oklahoma for the Department of Vertebrate Paleontology of the 
Muesum of the University of Kansas. 
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Bassarkcws ogallalcB sp. nov. 

(Plato XXVI: fisp. 1-3) 

Type. No. 3749, University of Kansas Museum of Vertebrate 
Paleontology. Right lower jaw bearing Pg, Pj, and with 
alveoli of T,,, C, Pj and P.^., lacking angle, condyle and coronoid 
process. 

Horiso 7 i and Type Locality. From the type locality of the Ogal- 
lala formation and 35 feet below the top of the local section, Low'er 
Pliocene, approximately two miles cast and one-half mile north of 
the town of Ogallala, Keith county, Nebraska, on the Feldt ranch. 
(The correlation was made by M. K. Elias, member of tlie Kansas 
Geological Survey.) 

Diagnosis. See Table 2 of Measurements and Ratios. The length 
of Mj and M^ are the same, making the ratio, length of Mi to the 
length of Mj, 100 or 1 . The ratio, length of the talonid of M, to 
the length of the trigonid of M, ; and the ratio length of Mj to the 
length of are greater than in any other known species of Bas- 
sariscus; the length of the trigonid of M,, and the ratio, width of 
Mj to the length of M 2 are less. 

Description 0 / Type. The jaw is of an adult, as is shown by the 
worn cusps. P^ has a well-developed accessory cusp posterior and 
lateral to the protocone, which exceeds in size any examined of tlie 
living species, Basariscm astutus jiavus Rhoads. There is no trace of 
an accessory cusp on P^. has strong and well-developed cusps. 
Ma has a well-developed paraconid, greatly exceeding the protoconid 
in size. The entoconid, hypoconulid, and hypoconid arc distinct 
and well developed. The distance across Mj from the top of tlie 
entoconid to the top of the hypoconid is 3.5 mm. The antei-ior 
mental foramen is larger and is located more posteriorly than that 
of B. astutus flaws. It is below the middle of Pj, while in B. astutun 
flaws it is below the anterior root of P,. The posterior mental 
foramen is smaller than that of B. astutus flavus and is lielow the 
posterior root of P 3 and lies slightly dorsad to the anterior mental 
foramen, a condition not observed in B. astutus flavus. The inferior 
dental foramen is larger, and is situated more posterior to the an- 
terior surface of the ascending ramus, although closer to Mj tlian in 
B. astutus flavus. The nearness of the dental foramen to M^ i.s 
accounted for by the large development of that tooth. The jaw is 
deeper, thicker, and heavier, though shorter, than that of- B. astutus 
flavus. 
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Remarks. The comparison of B. ogallalcB with that of other fossil 
Bassariscus shows the following similarities and differences* (See 
Table 1.) Hall ^ has placed Frobassariscus antiquus matthewi 
Merriam™ in synonomy with Bassamcus antiquus Matthew and 
Cookr*^ A comparison of B. ogallake with B. antiquus shows a 
slightly smaller with greatest difference in the width of the 
talonidj which is an average of 0.6 mm. smaller. The ratio, width 
of the talonid of M., to the length of Mi is less than in B, ogallalm 
and does not fall within the limits of individual variation of B. 
antiquus. B. ogallaloe may be distinguished from B. antiquus by 
the size of and of B. ogallalm are the same length, mak- 

ing the ratio, length of to the length of Mg, 100 or 1. The ratio, 
width of Mo to the length Mo is 42.9, the smallest known ratio of 
any Bassariscus. 

Bassariscus ogallake is distinguished from Bassariscus parvus 
Hail‘d by the ratio, length of tlie talonid of -Mi to the length of the 
trigonid of M^ which is 10.7, greater in B. ogallalm. Another out- 
standing difference between B. ogallalm and B. parvus is the crowded 
condition of the premolars of the latter, which does not occur in 
B. ogallalm. 

The speeinien is named for the Ogallala formation, from wliich it 
was collected. 


1. Hall, E. R., Univ. Calif. Publ. Bull. Dept. Gool., Vol. 1<3, No. 11, p, 437, March 17, 
1927. 

2. Merriam, J, C., Univ. Calif. Publ. Bull. Dept. GeoL, Vol. 6, p. 246, Part 2, Sept. 16, 
1911. 

3. Matthew and Cook, Bull. Am. Mus. Nat. Hist., Vol. 27, p, 337, Sept. 3, 1909. 

4. Hall, E. E., op. cit., p. 435. 
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Ratio, width of Mg to 
length of Mg 


Mg width. 


Ratio, length of M ^ to 
length of Mg . 


Mg length. 


Ratio, width of talonid of 
M), to length of Mi . . . . 


Ml width of talonid. 


Ratio, length of talon itl 
of Ml, to length of 
trigonid of Mi 


M I length of trigonid . 


Ml length of talonhl. 


Ml length. 
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Explanation of Measurements (Hall)^» 

Mt, length; taken at cingulnrn; Urns, iianally, Vnit not always, the greatest lengtti. 

Ml, length of talonid ; taken on lateral side of tooth from posterior base of protoconid to pos - 
terionuost extension of talonid. 

Ml, length of trigonid ; taken from posterior base of protoconid to anterior end of tooth at 
cingulum. 

Ml, width of talonid; taken from indentation on lateral side of tooth just behind the pro- 
toconid to opposite side of tooth and perpendicular to longitudinal axis of tooth. 

Mfl, length; taken from cingulum at post.erior end of tooth to most antcrodorsal point of tooth, 
usually but riot always, greatest length. 

Mg, width; taken from indentation on lateral side of tooth just behind the in’otoconkl to 
opposite side of tooth and perrrrmdicular to longitudinal axis of tooth. 

TABLE 2 

Measiiremeuts and Ratios of Bassariscus ogallalm 

I'he ratios gh’en in the table are the actual ratios multiplied by 100. 

Length from posterior border of canine aveolus to posterior mm. 

border of M2 29 

Length of P4 to M2, inciiisive 18.2 

Length of P3 to M2, inckbsive 22 

Length of F3 and P4, inclusive 8 

Length of P3 4 

Breadth of Pa 2 

Breadth of P4 2,9 

Length of P4 4.5 

Length of Mi 7 

Breadth of Mi 3.5 

Length of M2 7 

Breadth of M2 3 

Length of talonid of Mi, 3 

Length of trigonid of Mi 4 

Ratio, length of talonid of Mi to length of trigonid of Mi 75 

Width of talonid of Mi 3 

Ratio, width of talonid of Mi to length of Mi 42.9 

Ratio, lengtli of Mi to length of M2 100 or 1 

Ratio, width of M2 to length of M2 42.9 

Length of alveolus of canine 3 

Length of alveolus of P2 3.5 

Lengtli of alveolus of Pi 2 

Breadtli of alveolus of Pi 1.5 

Breadth of alveolus of P2 1.5 

. Depth of jaw beneath Mi 8 


5. Hall, E. R., Op. Git. p. 


19—3182 
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Absteact: Two new species of CcDlacanthid fishes, Ccelacanthus newelli and 
Ccelacanthus arcuatus, are described from specimens in the University of 
Kansas Museum of Vertebrate Paleontology. Both species are from the 
Rock Lake shale, Stanton formation, Missouri series, near the top of the 
Middle Pennsylvanian of Mid-Continent, Anderson county, Kansas. A com- 
parison is made with other known species of the genus from the Pennsyl- 
vanian. 


T hrough the courtesy of Dr, H. H. Lane^ curator in charge of 
the Department of Vertebrate Paleontology of the Kansas Uni- 
versity Museum, I have been given the opportunity of studying and 
describing the remains of two apparently new species of fish of the 
genus Coelacanthm. 

The remains of Cmlacanthus are known from only a few localities 
in North America. C. robiistm, C, ornatus, and C. elegans were 
described by Newberry'*' from the Pennsylvanian (Linton) of Ohio, 
IT. S.; C, exigiiius, by Eastman- from the Pennsylvanian (Mazon 
creek) of Illinois, U. S.; C. wGlleri, by Eastman^ from the Missis- 
sippian (Kinderliook) of Iowa, U. S.; C. banffenm^ by Lambe'* 
from the Triassic? (Upper Banff) of Alberta, Canada. 

To my knowledge the above records include all localities where 
CcBlacanthus has been found to occur in North America, except the 

1. Newberry. Proceedings of the Academy of Natural Science of Philadelphia. Vol. 
VIIi; 1850 , p. 08 . 

2. Eastman, C. R. Jour. Geoh, X, p. 538. 

3. Eastman, C. R. Jour. Geol., XVT, p. 358. 

4. Iiarnbe, L. M. Trans. Roy. Soc. Canada, X, see. IV, p, 38. 


( 279 ) 



280 


The University Scienc-’e Bulletin 


specimen reported by Eaistman in the Proceedings of the II. S. Na- 
tional Museum, vol. 52, p. 271, wliere lie says, siiiiposcMi new 
form has recently been discovered by Prof. E. H. Barlioiir in tJie 
Coal Measures of Nebraska.” 

The specimens herein reported anj from ntair thi'. top of t.'in3 Middh* 
Pennsylvanian of Mlid-Contdnent, Stanton forniation, Bock laikc* 
shale member, from the SW^ of SEVt of >sec. 82, T. 11) S, R. 19 hi, 
on the Bradford Chandler farm, Anderson county, Kansas. (The 
Rock Lake shale was identified by the Kansas State Geological 
Survey.) 

We are greatly indebted to Mr. Bradford Cliandler, upon whose 
farm the specimens were taken, for tlie permission to collect, and 
the kindness shown us while working at tlie quarry. 

Cadacanthus netvelli sp. nov, 
delate XXVIL 1 «kh. ‘>-:0 

Type. No, 786 P. University of Kansas Aluscnun of Verkibrate 
Paleontology. Nearly complete skeleton, lacking pc(‘torul fins, with 
crushed skull and only a few complete scales. 

Horizon and Type Locality. From the Rock Lake Sliale, Stanton 
fonnation, Missouri series, near the top of the middle Ihmnsylvanian 
of Mid-Continent. Collected on the SW|- of SE| uF si‘c. 82, T. 19 S, 
R. 19 E, of the Bradford Chandler farm, Anderson county, Kansas. 

Diagnosis. The exposed ridged surface of the scale is elongate, 
resembling somewhat a truncated cone. It is 1.74 irim. long and 
1.39 mm. wide at the base of the exposed surface. Tlie scides have 
an average of 9 ganoid ridges each. The ridges do not meet at tlie 
posterior end in an acute angle, but converge sliglitly toward the' 
median ridge near the posterior end and then sl^raigliten out again 
to teminate slightly posterior to the median ridge. 

Desmption of Type. The specimen is nearly conifilctu. I1ic 
skull is crushed, leaving only the Jugal plal'c^ in phiw and pin‘fta'‘t 
■enough for detailed study. The pectoral fins are missing, Tlicf fish 
was so crushed in preservation as to push the pelvi<*. fin iipward onto 
the side of the body and to bring the opposite pelvic fin into vicnv 
and nearly into the original position of tlie first, Tlie fisli was de- 
posited upon a plant (4) four branches of wliich cross the skelc^ton 
at right angles. Both the positive and negative of the fisli were 
collected. The skull is missing from the positive of the Bha!c\ 
"(Plate XXVII, fig. '2.) 

The length of the fish from the snout to the tip of tlie caudal rays 
is 115 mm. 
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Only a few fragmentary skull bones are present. Some are orna- 
mented with shortj narrow, ganoid ridges; others with closely set 
tubercles. There is no trace of teeth, probably due to the criislied 
condition of the dentary and maxillary. An outline of the opercular 
region is sliowii, but tl:ie operculum is missing. 

Tlie jugal plate is 16 mm. long and 4.5 mm. wide. It is orna- 
mented witli fine, unevenly spaced, ganoid ridges running aiitero- 
posteriorly, but having a tendency to meet at the center of the plate, 
as though radiating from this central point. 

Tiie posterior portion of the skeleton is not distorted. The deptli 
of the body anterior to tlie attachment of the anal fin is 20 min. 

The anterior dorsal fin is badly crushed, bringing the rays close 
togetlier. Only 6 rays are distinguishable. These are twice as wide 
at their bases as tlie rays of any of tlie other fins. There is a dis- 
tance of 26 mm. from the anterior base of the anterior dorsal fin to 
the anterior base of tlie posterior dorsal fin. The posterior dorsal 
fin is sliglitly anterior to the anal fin. Only 8 rays can be counted. 
The largest is 11.5 mm. long. This fin furnishes no suggestion of a 
lobate condition. 

The caudal fin consists of 24 principal rays, 12 above and 12 be- 
low. The longest rays are 26.5 mm. in length. Tlie supplementary 
caudal fin at the widest is 4 mm., and is 17 mm. long. There are 
present 6 supplementary caudal rays, 3 above and 3 below. 

The anal fin is nearly perfect. It consists of 8 rays, the longest 
being 7 mm. The anal fin is the smallest of the fins and gives no 
suggestion of being lobate. It is slightly posterior to the anterior 
attachment of the posterior dorsal fm. 

Tlie pelvic fm is composed of at least 20 rays. This fm shows a 
strongly lobate condition. The length of the lobe of the pelvic fin is 
6 mm. This fin is located posterior to the anterior attachment of 
the anterior dorsal fin. The distance from the anterior base of tlie 
anal fin is 25.5 mm. Botli the pectoral and pelvic arches appear to 
be missing. 

The anterior portion of all the fin rays present is jointed, but 
vsliows no evidence of denticles. 

The cycloid scales of this fish are covered on the exposed surface 
by ganoid ridges. The exposed ridged surface of the scales is 1.74 
mm. long and 1.39 mm. wide at the base of the exposed surface. 
(Plate XXVII, fig. 3.) The scales seem to be of uniform shape, hav- 
ing the same pattern of ornamentation where present through the 
diiferent regions. The exposed ridged surface of the scales is 
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elongate, resembling somewhat a truncated cone. The scales have 
an average of 9 ganoid ridges each. The ridges do not meet at the 
posterior end in an acute angle, but converge slightly toward the 
median ridge near the posterior end and then straighten out again 
to terminate slightly posterior to the median ridge. 

Remarks, The comparison of Ccelacanthus newelli with the otlier 
forms of Ccelacanthus from the Pennsylvanian follows: Ccelacanthus 
newelli differs from C. omatus Newberry in that the raised ganoid 
ridges of the scales are no^ parallel; furthermore, the anal fin rays 
of the former number 8 instead of 6. Newberry states, ''Ccelacan- 
thus ornatus may be readily identified by its small size, relatively 
large cranial tubercles, and very thin, delicate scales on which tlie 
liaised lines are parallel and do not converge as in C. elegans and G. 
robustns.^’ Ccelacanthus newelli differs from C. elegans Newberry 
and C, robustus Newberry in that the exposed surface of the scales 
is not circular in outline and is not ornamented by converging 
ganoid ridges. The number of ridges in C. newelli averages 9, while 
in C- elegans the average is at least 20'. It may be at once dis- 
tinguished from C. exiguus Eastman by its larger size. 

The Ccelacanthus here called newelli^ is so named in honor of 
Norman D. Newell, who was a graduate student in the Department 
of Geology at the University of Kansas at the time he discovered 
the fossil-bearing pocket in the Rock Lake Shale, while doing field 
work on his problem in the summer of 1931. 

Ccelacanthus arcuatus sp. nov. 

(Plate XXVI, fig. 8; Plate XXVII, fig. 1) 

Type. No. 787F. University of Kansas Museum of Vertebrate 
Paleontology. Caudal region of a cmlacanthid fish just posterior 
to anal fin, with anterior caudal fin rays and the greater part of tlie 
supplementary caudal fin missing. 

Horizon and Type Locality. From the Rock Lake Sliale, Stanton 
formation, Missouri series, near the top of the middle Pennsylvanian 
of the Mid-Continent. Collected on the SW% of SEUt of sec. 32, T. 
19 S., R. 19 E, on the farm of Bradford Chandler, AndervSon county, 
Kansas. 

Diagnosis. The exposed ridged surface of the scales is shaped 
like a Gothic arch in outline. It is ornamented with an average of 
12 to 14 ganoid ridges which are slightly heavier than those of C. 

5. Newberry, Paleozoic Fishes of North America, U. S. Geol. Survey, Vol. XVI, p. 227. 
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nemelli. Tlie ridges converge toward the median ridge at the pos- 
terior end of the scale, but do not join the median ridge. The ex- 
posed ridged surface of the scales is 2.17 mm. long and 2,16 mm. 
wide, (Plate XXVII, fig, 1.) 

This Ccxilacmithus may at once be distinguished from all other 
forms studied, by the shape of the scale with its constant pattern 
and number of strong ganoid ridges. 

Description oj Type, The specimen herein described came from 
the Rock Lake Shale, closely associated with Ccelacanthiis newelli, 
but approximately 18 inches above the former. The specimen con- 
sists of the caudal region just posterior to the anal fin, with the tips 
of the caudal rays and the greater part of the supplementary caudal 
fin missing. This caudal region represents a fish nearly twice as 
large as C. uGiDelli. (Plate XXVI, fig, 8.) 

Tliere are 24 principal caudal fin rays, 12 above and 12 below. 
The supplementary caudal fin is 8 mm. wide. There are 12 rows of 
cycloid scales just anterior to the attachment of the caudal rays, 
running parallel to the median line. The width of the caudal region 
just anterior to tlie attachment of the caudal rays is 24 mm. 

Remarks, The significance of tlie number of ganoid ridges and 
tlie shape of tlie scales in Coelacanthus can only be known with 
certainty when sufficient material has been collected from one 
locality. It is possible that age and relative maturity may pro- 
foundly affect tlie number and arrangement of the ridges, as well 
as the shape of the scale. A large series of specimens will be neces- 
saiy in order to indicate definitely which of these characters are due 
to age, and which to speciation. 

The figures of the scales of C. deiimis (Plate XXVI, fig. 7) and C. 
Uypkirus (Plate XXVI, figs. 4, 5, 0 and 9) liave been given for com- 
liarison. They were taken from the Geological Survey of the United 
Kingdom, Decade XI, I, 1866, after Huxley. 

Tlie Cidxioantkus anmatiis is so named because of tlie shape of 
t he siiale v^tlich resembles so closely a Gothic arch in miniature. 

Tlie first material collected from tlie Rock Lake Shale by the 
Department of Vertebrate Paleontology during the spring and sum- 
mer of 1.932, belongs to the genus Coelacanthus. Besides the material 
described, there were secured many imassociated scales and fin rays; 
also one pelvic fin and many skull fragments. 
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PLATE XXVI 

Figs. 1--3. Basmnscus ogallalw. Type: No. 3749, lJni\'ersity of Kansjis 
Museum of Vertebrate Paleontology. X 2.27 natural size, (1) Lateral \'iew. 
(2) Occlusal view. (3) Lingual view. 

Figs. 4, 5, 6 and 9. Scales of Ccelacmithus lepturm, magnified. After Huxley. 
Fig. 7. Scales of Ccelacantkus elegans, magnified.- After Huxley. 

Fig. 8. Ccelacantkus arcuatus, natural size. Type: No. 7S6F, University of 
Kansas Museum of Vertebrate Paleontology. Negative by Prof. M. K. LI ms. 






286 


The University Science Bulletin 


PLATE XXVII 

Fiq. 1. Scales from the caudal region of the type No. 787F, CmlacantJm^ 
arcmtus. X 

Fig. 2. Ccelacanthus newelli; natural size. Type No. 786F, University of 
Kansas Museum of Vertebrate Paleontology. Negative by Prof. M. K. Elias. 

Feg. 3. Scales from region near midline anterior to anal fin, of the type No. 
786F, Ccelacanthus newelli. X 11*5. 
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Abstract: The paper is devoted chiefly to the description and to the discus- 
mon of stratigraphic value of some of the Upper Cretaceous ammonoids of the 
Baculites and Scaphites group in western Kansas and adjacent part of Colorado. 

The following new names are introduced: 

Bac^hl^ie^^ pseudovatus Elias, n. sp. 

Baculites pseudovatus var. A. Elias, n. var. 

B(wtdites compressus var. reesidei Elias, n. var. 

Bamliles (urmpresms var. corrugatus Elias, n, var, 

Baculites cllnolohatus Elias, n. sp. 

Baculites meeki Elias, n. sp. 

Discoscaphites nicoUeti var. saltgmssensis Elias n. var. 

The .specific name cornpressus Say is veiy narrowly restricted to the topotype 
of the species Baculites cornpressus as described by Meek (1854, 1876). Bca- 
phites nodosus var. plenus Meek is removed from the Acantoscaphites nodosus 
group and is elevated to the rank of species of the genins Scaphites sensu stricto ; 
Scaphites plemis (Meek). 
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INTRODUCTION 

A mmonites of both coiled and uncoiled types are among the 
most abundant fossils in the Pierre of northwestern Kansas. 
Some genera and species of this order are the most important hori- 
zon-markers of the local subdivisions of the Pierre, and a few of 
them are of great importance for the correlation of the formation 
with the contemporaneous beds in eastern North America and 
Europe. Owing to this fact the writer devoted more time and care 
to the study of these invertebrates than of the other marine fossils 
of the fomation. It is intended to describe the latter in a forth- 
coming separate paper. 

The writer wishes to acknowledge valuable suggestions and criti- 
cism by Dr. R. C. Moore and Dr. J. B. Reeside, Jr., which helped 
considerably in precise identification and in elaborating the descrip- 
tion of the species. 

STRATIGRAPHIC RANGE OF THE DESCRIBED SPECIES 

In the following tables the stratigraphic distribution of the am- 
monites herein described and a few othei’s are shown. The distri- 
bution in space and time of the most important of these forms is 
also shown on the stratigraphic table of the geological report on 
Wallace county (Bull. 18, State Geological Survey of Kansas, 1931). 

METHOD OF DRAWING SUTURES OF BACULITES AND 
OTHER AMMONOIDEA 

In preparing the sketches of the sutures of BaculiteH and otlier 
Ammonoidea of the Pierre two methods were used. The larger 
sutures were traced directly on cellophane, which was wrapped 
around a portion of a fossil In order to add visibility and avoid 
mistakes in tracing, the space between two neighboring sutures was 
painted with black India ink. A fine drafting pen was used for 
painting the minute dentations of the sutures. Ccllopliane is pref- 
erable to other transparent material (celluloid film, wax paper, 
tracing cloth, etc.) because it is perfectly transparent, and, boing 
soft and flexible, can be pressed more tightly against the uneven 
surface of the variously sculptm^ed molds of ammonoids. The India 
ink sticks to cellophane fairly well, and fine lines can be drawn on 
it. However, when drawing a line over those places where tlie 
cellophane is not quite firmly pressed against the surface of the 
fossil, one inevitably scratches the soft tissue with the sharp point of 
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the pen. Owing to this the lines soon become too heavy to express 
the finer details of the sutures. The writer found that it is much 
safer and more convenient not to trace on cellophane the suture lines 
themselves^ but to ink in the space on one side of a wsuture. 

The next operation is the final tracing from the cellophane draw- 
ing, Due to slight warping of the cellophane painted with India 
ink, the use of a light-table (table with glass top illuminated from 
below) is recommended. If desirable the cellophane copy can be 
enlarged by photography and the final tracing of the suture can be 
made from the photograph. In view of the desirability of having 
the drawings two times larger than the proposed size of printed 
illustrations the enlargement by photography is ordinarily preferable. 

For the tracing of very small and complicated sutures the method 
of direct tracing on cellophane is too crude. For drafting of the 
sutures of juvenile stages of Baculites and, also, of the sutures of 
smaller coiled scapliitcs, the writer used a camera-lucida attached 
to a microscope. In order to draw an undistortcd suture on a plane, 
several settings of tlie specimen must be made. For a curved surface 
of about 180 degrees, or half way around a shell, the writer made six 
or seven settings. After a part of a suture is copied, the fossil is 
turned so as to have the next portion of the suture nearly perpen- 
dicular to the axis of the microscope. In order not to depart from a 
constant orientation of the shell one must revolve it around the 
same or nearly the same axis, and in order to make proper con- 
nection of two neighboring portions of a suture the comparatively 
undistorted edges of the drawings of the two must somewhat overlap 
each other. The smallest magnification of ordinary microscopes 
used in paleontological laboratories with attached camera-lucida is 
about 10 times and, therefore, the drawn suture is usually too large 
and must be reduced. This can be done by pliotography or by a 
pantograph. 

All of tlie sutures of Baculites shown on the accompanying plates 
were drawn by the direct method of tracing on cjellopliane, except 
Plate" XXXV, figures 5d, 5e, which were drawn with the help of 
camera-lucida and subsequently reduced by pantograph. All the 
sutures of the Scaphites group were drawn with tlie help of camera- 
lucida and reduced by photography. 
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DESCRIPTION OF THE SPECIES 

Class CEPHALOPODA— Subclass TETRABRANCHIATA 
Okdbr AMMONOIDBA— Suborder EXTRASIPHONATA 
Family LYTOCERATID.E 
Subfamily MACROSCAPHITINaE 
Genus Baculites Lamarck 

“Shell with minute, closely coiled initial stage quickly becoming straight 
and assuming the form of a staff which, with increasing age, increases slowly 
in diameter. Cross section subtriangular, oval, or subcircular, though usually 
more or less compressed laterally. Living chamber large, aperture w-itli long, 
straight, rounded extension on the siphonal side ami lateral sinuses. Surface 
smooth or with low rounded ribs that are parallel to the aperture and as a 
rule are distinct only on the flanks, or with low rounded nodes on the Hanks* 
Suture has generally six saddles and six lobes; saddles bifid; lobes, except the 
antisiphonal lobe, bifid/’ i 

Genotype, Baculites vertebralis Lamarck (Syst. des anim., p* 
103 ). 

The remains of Baculites^ chiefly in the form of internal molds, 
are perhaps the most abundant fossils of the Pierre shale in Wallace 
county and elsewhere. The common smooth specimens from tins 
formation are ordinarily referred to Baculites ovatus Say and B. 
compressus Say, which were instituted on material from the Upper 
Cretaceous of New Jersey and Upper Missouri river, respectively. 
Unfortunately, a clear conception of these species was not given in 
the original descriptions, and considerable confusion as to which 
features are typical for each species was thus created. In addition, 
the type specimens of B, comp'essm are lost. For the clearing up 
of the question as to which features must be considered typical for 
each of the two species, we owe much to F. B. Meek and J. B. 
Reeside, Jr, The latter author has pointed out that B, coniprcssu.s 
of some authors (Morton, Whitfield) is not the B. compressus 
Meek, but is a slightly compressed variety of B. ovatus. lie* 
furthermore has suggested acceptance of Meek^s clear conception of 
B, compressus, based on topotypes of the species. Reeside proposes 
to separate the forms which have a suture closely resembling that of 
B. ovatus, but which have a somewhat compressed cross section r«> 
sembling that of B. compressus, as Baculites ovatus van hafesi 
Reeside. 

The writer collected chiefly from the middle and lower part of 


1. After neeside, 1927, p. 9, 
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the Pierre and from the topmost beds of this formation and found 
a considerable variety of forms closely related to B, compressus and 
B. ovatm. Among these are several specimens with the ovate cross 
section of the B. ovatm type, but with the suture, though not quite 
identical, nevertheless decidedly of the B. compressus type. He 
considers it preferable to give this form the new specific name B. 
pseudovatuSj a new variety of which (B. pseudovatus var. A) is also 
provisionally recognized by him. The writer found numerous speci- 
mens which are identical with B, compressus^ as described by 
Reeside,^ in every respect, including the pronounced and regular 
corrugation of the siphonal edge. At the same time the writer 
collected from somewhat different horizons of the Pierre a few speci- 
mens indistinguishable from B. compressus as described by Meek and 
having only a slightly corrugated siphonal edge. He noticed, further- 
more, that the sutures of the B, compressus Meek are more digitate 
than those of R. compressus Reeside. He distinguishes the form 
described by Reeside as B. compressus var. reesidei and recognizes 
in his material from Wallace county another variety with still more 
prominent corrugation of the siphonal side, which lie designates as 
B. co7npres^sus var. oornigatus. This form has also some definite 
pecularities of the suture and its vertical range is much restricted. 

The writer is aware that one may question the differentiation of 
so many species and varieties among forms which until recently 
were referred to only two species: J5. compressurs and R. ovatus. 
To this the writer answers that, besides the observed differences in 
form and suture, the definite stratigraphic position of these forms 
in the local Pierre section (as shown on the table, p. 297) justifies 
their record under separate names. It is possible that some of these 
varieties are mere responses of the species to local changes in tlie 
environments of the Pierre sea; but, at any rate, these forms appear 
to be of local stratigraphic value as horizon markers. On the other 
hand, some of the forms may prove to have wide stratigraphic im- 
portance and may help considerably in the distant correlation of 
subdivisions of the Pierre and contemporaneous formations, not 
only in North America but in the Upper Cretaceous formations else- 
where. It is significant that one species of Baculites from the 
Beecher Island shale, comparable in size, cross section, smoothness 
of the shell and characters of the suture to the B. ovatus^ and R. 
compressus m the broadest sense, was found to be still more similar 

2. .Reeside, 1927, pp. 10-12. 

S. In fact a siKJcimeii of this form in the dd collection in the Kansas University was 
identified as R. ovatm Say, and anoth<jr as B, mceps Lamarck. 
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and possibly identical with a specimen of B. cMiceps var. Leopoliensm 
described by Novak from the Upper Cretaceous of Poland., Tlie 
writer feels that unless the forms commonly referred to B. ovahis 
and B. conrpTessus are studied in more detail and are separated into 
species, subspecies and varieties, in somewhat the same way as has 
been done by Reeside for the BaauMtes of t!ie Eagle Sandstone and 
related formations/^ these widely distributed and important fossils 
will be of very little help as horizon markers, but will be merely 
characteristic of the whole Pierre. Furthermore, unless tlie various 
intermediate forms are recognized, the types themselves can be hardly 
treated as distinct species on account of the proven existence of a 
number of intermediate forms of all kinds; for instance, forms with 
compressed cross section and modei'ately digitate suture of the B. 
ovatus type and forms with ovate cross section and intensely digitate 
suture of the B. compressiis type. The following is a key for identi- 
fication of the Baculites of the Pierre and related formations. 

For convenience of reference in the description of tlie species of 
Baculites a diagrammatic sketch of a typical suture of the genus is 
appended (PI. XL, fig, 7). The suture consists of siplional or 
ventral lobe (SL), first (lateral) saddle (IS), first lobe (IL), second 
saddle (2S), second lobe (2L), third (always small) saddle (3S), 
and antisiphonal or dorsal lobe (AL). The ventral lobe is very 
complex and consists of two lateral tripartite branches which are 
widely separated by a central broad saddle. As a result of his study 
of material from Wallace county, with the addition of the material 
illustrated in the literature, the writer concludes that the form and 
character of incision of this central part of the ventral lobe is of 
diagnostic value for the species and varieties of the B. ovatus and 
B. compressm group. Inasmuch as the temainology for the details 
of this part of the suture of Baculites is not worked out, he proposes 
the following terms, to which he attaches no biological or ortlio- 
genetic significance, but which are introduced for descriptive pur- 
poses alone. The whole broad, central portion of the ventral lobe 
between the two lateral branches is designated as the ventral or 
siphonal saddle (a term used already by some authors) . This saddle 
is always distinctly subdivided into two smaller lateral saddles and 
a median saddle {b) between. The lateral saddles and median 
saddle are separated by what Meek described as ^^smaller digitate 
lateral branches’^ of the siphonal lobe. The comparative width of 
the siphonal saddle, the relative width and height of its central 
branch (b) and the character of incision of the latter (uni, bi-, iri- 


4. neeside, 1927. 
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or qiiinquepartite) seem to be of diagnostic importance^ while the 
shape and digitatioii of the lateral tripartite branches of the siphoiial 
lobe, between which the siphonal saddle is developed, have been 
found fairly constant in the species of Baculites here described and 
were not found of use for specific distinction of the species and 
varieties studied by the writer. 

Among the other features of the suture the presence or absence of 
a stem-like body (a) supporting the two parallel, slender and digi- 
tate terminal branches of the first lateral lobe has been considered 
a very important distinguishing character between B. compressus 
and B. ovatiis by Meek and Reeside, which is wholly shared by the 
writer. 

Anotlier feature of the suture, which is used for specific distinc- 
tion by the writer, is the shape of the second lateral lobe and its 
orientation in relation to the rest of the lobes and saddles which are 
always fairly parallel to each other. The second lobe in some species 
or varieties is distinctly inclined, with its apex toward the siphonal 
side. When not inclined the second lobe is symmetrical in some 
species while in others it is much reduced on the antisiphonal side, 
as if crowded by the development of the antisiphonal saddle. 

Baculites ovatus Say 

(Plate XXXIII, figs. 3a, b, c) 

1820. Baculites omta Say, Am. Jour. Sci., 1 ser., vol. 2, p, 41. 

1828, B. ovata Morton, Jour. Acad. Nat. Sci. Phila., 1 ser., vol. 6, p. 89, pi. 6, figs. 5, 6. 

1880. B. ovatm Morton, Am. Jour. Sci., 1 ser., vol. 17, p. 280; vol. 18, p. 249, pL 1, 
figs.' 6-8. 

1830. B. ovatus Morton, Acad. Nat. Sci. Phila, Jour., 1 sen, vol, 6, p. 196, pi. 8, 
figs. 6-8. 

1831. B. ovatm Morton, Synopsis of organic remains of the Cretaceous group in U. S. 
A., p, 42, pi L ligH. 0-8. 

1853, B. ovatus Mareou, lilxitl'innf.tiry text, to geologic map of United States and Britisli 
provinecM of Nortli Amerim, p. 46, pi, 7, fig. 5. 

18,56. B. ovatus llnll nnd Aleck, Am. Acad. Arts and Sci., MVan,, now sen, vol. 5, p, 
399, id, fi, fig«. Ifi-e; |d,. 6, figs. 1-7. 

1875. B, ovatMs White, U, S. Goo!. Survey, W. lOOtli Mor. Kept., vol. 4, p. 190, pi. 10, 
figs. 4a~r>a-c (not figs. 4-b-c). 

1876. B. ovatus Aleck, U. S. Gool. £8urvey, Terr. Rept,, vol 9, p. 394, pi 20, figs, la-b, 
2a“c!. 

1880. B. ovattm Whiieaves, Contr. Cnn. Pal, vol. 1, p. ISl. 

1892. B. ovatus Whitfield, U. S. Ccol. Survey, Mon. 18, p. 275, pi 46, figs. 3-9. 

1907. B. 07mtus Weller, Now Jersey Cleol Survey, Pal, vol 4, p. 821, pi. 109, fig. 5. 

1910. B. ovatus Grabau and vS'hirner, North American Index Fossils, p. 181, figs. 1437, 

1438. 

1916. B. ovatus Gardner, Alaryland Geol Survey, Upper Cretaceous, pp. 375-377, pi. 12, 
figs. 2, 3. 

1917. B. ovatus Dowling, Can. Geol Surv^, Aiem. 9.5, j), 31, 2a, 

1920. B, ovatus Wade, U. S- Geol. Survey, Prof. Paper 137, p. LSI, pi. fd), fig, 9. 

1927. B. ovatus Reeside, U. S. Ge<d, Survey, Prof, Papi'T LVt, p. 9, pi 5, figs, 12, 13; 

pi. 6, figs. 1-4; id. 7, figs. 1-S. 
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The species may be recognized by its ovate to elliptical c:‘ross 
section; smooth or, in the latest stages, obscurely iinduluted flanks; 
moderately large size; relatively simple, little incised suture. It 
differs from B. compressus Say in its ovate cross seetion and iniicl'i 
less digitate suture. 

This species, though widespread elsewhere, has not been found as 
yet in Kansas,'"^ and only a few specimens of B. ovatm var. ha/resi 
Reeside were collected by the writer in Wallace county. According 
to Reeside J5. ovatus is found in the Eagle and Telegraph Creek 
formations of Montana and Wyoming, in the lower half of tlie 
Pierre shale of the western Black Hills region and in equivalent 
formations of the midwestern states; also the later parts of tiie 
Montana group up to the base of the Fox Hills sandstone, and in 
the later Cretaceous formations of the Atlantic and Gulf Coastal 
Plain.’^® Meek believed that the species ‘Tanges all through the 
Port Pierre group, and up into the Fox Hills beds of the Upper 
Missouri Cretaceous series.” 

The writer considers it quite possible that with separation of B. 
ovatus in the restricted sense from the somewhat similar B, pseudo-' 
vatus and B. dinolobatuSy the stratigraphic distribution of B. ovatus 
will be reduced and will possibly be limited to the lowermost portion 
of the Pierre, to the Telegraph Creek and Eagle formations and to 
their equivalents. The specimens of undoubted B. ovatuSj illustrated 
by Reeside, came from 1,400 feet below the top of the Steele shale 
of Wyoming (pi. V, figs. 12, 13) and from the Eagle sandstone 
of Montana (pi. VII, figs. 3-5) 

Baculites ovatus var. haresi ‘Remide 

(Hate XXXV, figs. 8a, b, 4% b) 

IW, BacuUtm ovaim Say y&v. katesi Heesid©, XT. &. Qeol. Survey, Prof. Paper llil, 
p. 10, pi. 6, figs. S-10 ; pi. 7, figs. 9, 10. 

According to Reeside the shell is smooth with dorsum and vcnt(*r 
rounded, and it has a relatively simple suture of the B. ovatus type. 
It differs from B. ovatus in possessing a compressed shell. In cross 
section it differs from B. compressus “in lacking the tendency to 
taper toward the siphonal side and in the details of the suture” 

5. J9. oiMtus was recorded in the Pierre of Kansas by Logan (1897, pp. 2212, 220-221, and 
1898, p. 509), but inasmuch as this record was made at a time when the clear conception of 
the characteristics of the species was not established, and since no description or figures of 
the Kansas form is given, the validity of the record may be questioned. There are no Kpeci- 
mens of S. ovatus in the old collections from western Kansas at the University. 

6. Reeside, 1927, p. 10. 

7. Meek, 1876, p. 397. 

8. Both illustrated by Reeside, 1927. 
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iReeside^ 1927, p. 10). The specimens from Wallace county, which 
are liere referred to the variety haredj have the shell smooth on all 
sides and with a cross section of the haresi type (PL XXXV, fig. 4b) . 
The suture of Kansas specimens has slightly more dissected lateral 
sinuses, but the lobes are designed in much the same fashion as in 
haresi from Wyoming (PL XXXV, fig. 3a) . Though the dissected 
sinuses of Kansas specimens somewhat resemble the corresponding 
parts of the compressm type of suture, tlie terminal of the first 
lateral lobe is decidedly unlike that in B. compressus, but like that 
ill B, ovatus and its variety haresi. The second lateral lobe is some- 
wliat inclined in both the Wyoming and Kansas specimens. 

Occurrence. Upper part of the Upper Weskan shale member and 
base of the Lake Creek shale member in sec. 15, T. 12 S., R. 38 W., 
Wallace county, Kansas. 

According to Reeside, in the Telegraph Creek and Eagle sandstone 
formations of Montana and Wyoming; in the lower part of the 
Pierre shale on the western and northern rim of the Black Hills; in 
tlie Steele shale of Wyoming and the upper part of the Mancos 
shale in Utah and New Mexico,® 

Baculites compressus Say 

1820. Baculites cmnpressa Say, Am. Jour. Sci., 1 ser., vol. 2, pp. 41, 42. 

Not 1833. Baculites compressa Morton, Am. Jour. Sci., 1 sw., vol. 23, p. 201; vol. 24, 
pl. S, fig. 1. 

Not 1884. Baculites compressus Morton, Synopsis of the organic remains of the Cre- 
taceous group in the United States, p. 43, pl. 9, fig. 1. 

Not 1892. Baculites compressus Whitfield, XJ. S. Geol. Survey, Mon. 18, p. 277, pl. 46, 
figs. 1, 2, 

For revision of the conception of the cojyipressus species we are 
indebted to J. B. Reeside, Jr., whose opinion that Morton and Whit- 
field described under the name compressuB a variety of B. ouatus is 
wholly shared by the writer. Since the type specimen, which was 
inadequately described and never figured by Say, is apparently lost, 
it is logical to accept M!eek^s clear characterization of the species, 
as suggested by Reeside, because the material whicli Meek collected 
and described came in part “from the region where Say’s specimen 
was obtained.” Morton’s specimen, which was erroneously' sup- 
posed to be the type of Say’s species, and which wms redescribed and 
refigured by Whitfield, lias septa much like those of B. ovatus and 
can be justly classified with B. ouatus var. haresi Reeside, as pro- 
posed by Reeside. For a complete discussion of B. ccrnipresstis of 
earlier authors see Reesi<le, 1927 (pp, 10, 11). 

iK Rcc'sido, 1027, p. 10. 
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Tlioiigli the writer agrees that the specimen descril:)e(i and tigurial 
by Reeside a,n(l referred to B. cmnjmissus is similar in cross se«*tion 
and characters of the sutures with B. comp7*essus as illustrated and 
described by Mi''.ek, there are some differences between Meek's and 
Reesidc’s specimens winch may justify tlie separation of tlie latter 
as a va.riety of B, com^mssus Meek.' This conclusion was readied 
by the writer after comparative- study of numerous specimens of 
B. emnpress’m from Wallace, county, among which both the speci- 
inens comparable to Moek^s and to Reeside/s forms were recognized. 
The two forms wTn.'e found in somewhat different horizons of the 
Pierre and thus proved to be of at least local stratigraphic value. 
The writer proposes to consider the form described by Meek as 
Bacidites co^yipi'essus s. s., and the form described by Reeside as the 
type of B. compressus var. reesidei 

Baculites co7npressus Say, Meek, s. s. 

(Plate XXVIII, fig. 4; Plate XXXII, figs. 3a, b, 4a, b, e, .5a, h) 

■ ’iSSi. ' Baculites compressus Hall and Meek, Am. Acad. Arts and Scu, Mcrn,, ntnv ser., 
vol. 6, pp. 400-402, pi. 6, figs. 2a, b; pi. 6, figs, 8, 9. 

1876. Baculites compressus Meek, U. S. Geol. Survey, Terr. Kept., vol. 9, pp. 400-404, 
pi. 20, figs. SOa-c; text figs. 66, 66. 

‘'Shell attaining a large size, rather rapidly tapering, particularly in the 
young, or near the smaller extremity of adult specimens, strongly compreSvSed 
laterally in medium-sized examples, but more convex in the young and toward 
the larger extremity of large adults; nonseptate portion of fully developed 
specimens provided wdth large broad lateral undulations; lines of growth gen- 
erally obscure ; siphonal margin sometimes crossed by small undefined wrinkles ; 
transverse section, like the outline of the aperture, varying with size and age, 
being ovate in very small specimens, strongly compressed in medium sized 
examples and proportionately more broadly ovate in the large adult. 

“Septa usually crowded, and with lobes and sinuses deeply divided into 
slender branches; siphonal lobe nearly twice as wide as long and provided 
with two widely separated tripartite and digitate terminal brandies and oin* 
smaller digitate lateral branch on each side; first lateral sinus as long ms tli<‘ 
siphonal lobe, but not much more than half as wide and \a3ry deeply divided 
at the end into two equal tripartite and digitate branches, with siircading 
subdivisions; first lateral lobe longer than the siphonal lobe, and about lialf 
as wide, with two small, parallel, sharply digitate terminal branches, standing, 
as it were, on a stem formed by the very narrow body which also su|) ports 
on each side two opposite, sharply digitate lateral branches, one pair of which 
shows more or less tendency to tripart division; second lateral sinus usual i\' 
a little longer, but otherwise very similar to the first; second lateral lobe 
shorter and broader than the first, and provided with two equal tripartite ami 
digitate, spreading terminal branches, wdth much smaller, irregular, la tern I 
branchlets; third lateral sinus usually not larger than one of the inain ter- 
minal branches of the others, and deeply bifurcated at the emh the divisions 
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being more or less subdividedj or merely digitate; antisiphonal lobe generally 
only about half as long as the second lateral, and much narrower, with two 
to four very small lateral branches, or mere digitations on each side, and one 
small, tridentate, terminal division.”i<^ 

In Ids material from Wallace county the writer has observed some 
specimens which are identical in every respect Avith the specimens 
of B. com/pressus as illustrated and described by Meek, and which, 
in some minor respects, differ from the more numerous specimens 
wliich he proposes to separate under the name B. compressus var. 
reesidei. The suture of B. compressus in a strict sense differs from 
the suture of reesidei in the folloAving way: 

1. The median saddle of the siphonal saddle is divided into two 
slightly dentate saddles h-h by a very short but sharp wedge-like 
siphonal lobe, while the corresponding small median saddle of B. 
compressus var. reesidei is tripartite. 

2. The second lobe of B. co7np7^ess'us s. s. is wider than the second 
saddle and about as symmetrical as the latter, while the second lobe 
of var. reesidei is always asymmetrical with reduced branches on the 
antisiphonal side. 

The specimens (PL XXVIII, fig, 4, and PL XXXII, figs. 4a, 4b, 4c, 
5a, 5b) of the collection from Wallace county can be referred to B. 
compressm without much doubt. Their sutures are decidedly of the 
B. compressus s. s. type, being deeply digitate and having broad and 
symmetrical second lobes. The small median saddle (b) of the 
siphonal lobe is bipartite. The cross section of the younger of the 
Wallace county specimens (PL XXXII, fig. 4c) is about the same 
size and is as much compressed as Meek's type (PL XXXII, fig. 3b) , 
though there is a slight, but hardly important, difference in the 
sliapc of tlie cross sections, the widest part of the Wallace county 
specimen being aliout in the middle of the cross section. The speci- 
men has a very gentle but distinct and regular plication of the 
siphonal edge, a feature in agreement with Meek’s note that the 
siphonal margin is “sometimes crossed by small undefined wrinkles,” 
Tlie regular plication of the siplional edge of our specimens is cer- 
tainly very gentle and wrinkles are quite small, the distance from 
one depression to another being 2 to 3 mm. 

The largest Wallace county specimen is a fragment incomplete on 
the siphonal side (PL XXXII, fig. 5b). The antisiphonal side of 
this specimen is abruptly rounded, much like the cross section of 
the medium-sized B. compressus, as shown in text figure 55 on page 
403 of Meek’s monograph (Meek, 1876), Meek observed strong 

HI. Mo(‘k, ISTH, pp. 400, 401. 
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lateral imdiilations on the noiiseptate part of a large speciiiien of 
B. compy'essus (Meek, 1876, text figure 56, p. 403), but the iioii- 
septate portion of large B, co7npressus s, s. was not collected in the 
Pierre of Wallace county* 

Occurrence. Upper part, of the Upper Weskan shale, and through 
the Lake Creek shale member except the top of it where the form 
becomes scarce or is, possibly, absent. According to Meek, in the 
Pierre exposed at the Great Bend of Missouri river below Fort 
Pierre and from ^^higher positions in the same formation’^ on Sage 
creek, at the Bad Lands and on Cheyenne river of South Dakota 
(Meek, 1876, p. 403). 

The specimens described by Meek were collected in the Upper 
Missouri exposures of the Pierre formation, where also the type of 
Say was found. 

Baculites compressm var. reesidei Elias, n. var. 

(Plate XXVIII, fig. 1; Plate XXXI, fig. S; Plate XXXII, figs. 2a, b, c; 

Plate XXXm, figs, la, b. c; 2a, b, c) 

1927. Baculites compres&us Reeside, U. S. Geol. Survey, Prof. Paper 161, pp. 10-12, 
pi. 9, figs. 1-6. 

The specimen described and figured by Reeside has the typical 
compressed form of B, compressm and a much digitate suture with 
the characteristic detail of the compressm type: ''Two small, 
parallel, sharply digitate, terminal branches^’ of the first lateral lobe 
“standing, as it were, on a stem formed by the very narrow body.” 

The differences between the suture of var. reesidei and that of 
B. compressm s. s. are as follows; 

1. The suture of reesidei is all in all comparatively leas 
digitate. 

2. The second lateral lobe of reesidei is comparatively nar- 
rower than the corresponding lobe of compresstis s. s., and besides 
is distinctly asymmetrical, being crowded by the third lateral 
saddle, which is less digitate on the side facing the second lobe 
than in compressus s. s. 

3. The two large tripartite terminal branches of the second 
lateral saddle are standing on a narrow base in typical B. 
compressus, while in var. reesidei the supporting base is several 
times wider. 

4. The small median saddle (6) of reesidei is subdivided into 
three rounded branches, while the corresponding portion of the 
siphonal saddle of co7npressus s. s. is bipartite. 
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Besides the difference in suture the var. reesidei is differently 
ornamented on the siphonal edge than compressus s. s. The edge 
of the typCj as figured by Reeside, is pronouncedly and regularly 
plicatedj the distance between plications being 4 to 5 mm., or about 
2 times larger than between the far less pronounced and smaller 
wrinkles of B. compressn^ s. s. of Wallace county. The plications 
of the siphonal edge of specimens of var. reesidei collected by the 
writer have a distance between plications of 4 to 5 mm. on the 
moderate-sized types. 

Occurrence, Lake Creek shale member and lower part of Salt 
Grass shale member of the Pierre shale, Wallace county, Kansas. 
The specimen illustrated by Reeside (1927, PL 9, figs. 1-5) and 
reproduced here (PI. XXXII, fig. 2) came from the Eagle sandstone 
of Montana, where the form is, however, so rare that Reeside raises 
a question ^Vhether these specimens really came from the zone con- 
taining the Eagle fauna, and it must be left for future experience to 
determine whether B. compressus actually does belong to the Eagle 
fauna or is restricted to later faunas.^^ 

Baculites compressus var. corrugatus Elias, n. var, 

(Plate xxvni, fig. S; Plate XXX, fig. 8; Plate XXXII, figs, la, b, c) 

Many compressed specimens of B. compressus with a still more 
pronouncedly corrugated siphonal side than in var. reesidei have 
been collected in the upper portion of Lake Creek shale member. 
The pronounced wrinkles of the siphonal side are about 10 mm. 
apart. The typical cross section of this variety is shown on Plate 
XXXII, figure Ic. The sutime is decidedly of the B. compressus type, 
being deeply dissected and having terminal branches of the first 
lateral lobe standing on the slender stem-like body (a). However, 
the suture of this variety differs from that of B, compressus s. s. and 
of var. reesidei in having an inclined second lateral lobe. Further- 
more the small median saddle (b) is tripartite with a further splitting 
of its lateral branchlets into two. The variety corrugatus differs 
from both typical B. compressus and var. reesidei in having a very 
gradually tapering shell. The type of the var. corrugatus (PL 
XXVIII, fig. 3) was collected and presented to the writer by Mr. Joe 
De Tilla, of Wallace. 

A long and slender specimen of Baculites with cross section and 
suture of the compressus (in broad sense) type was collected in an 

11, Reeside, 1027, p. 12. Reeside is now convinced that tlio species “does not range 
so low” and tlnit B. tcmipremus is wholly upper Pierre form (personal notes to the writer, 
April, 1981). 
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irregular body of ^‘Xiicina limestone’’ at the liase of tlie Salt Grass 
shale member. This specimen allows study of tlie cliange of suture 
with growth of tlie sliell. Though tlie initial coiled porlvion of tlie 
shell is not preserved, a straight [lortion about 48 cim long and 5 
to 31 mm. wide (in the long diameter) was secured. Several stages 
of the suture of this specimen arc shown on Plate X.XXV, figures 
5b, 50 , 5d, 5e. The comparison of these sutures with those of B, 
com^pressiis s. s. and B. co^yipresstis var. reGsidei and coirugatus shows 
that in this case the former or more incised {cornpressiis s. s.) type of 
suture is ancestral to the less incised reesidei and corrugatus types. 

It is interesting to recall that in the earliest stages of the straight- 
ened shell of B, compressuSj as demonstrated by Brown (1891, ]s. 
159), the suture develops gradually from a slightly wavy line to the 
complicatedly curved and dissected sutures of tlie later stages. This 
is also a generally observed fact for all Ammonoidea, which ordinarily 
show a gradual complication and increased dissection of tlie suture 
with the growth of the shell. Therefore, the subsequent change from 
a more complicated suture to a less digitate type, as now demon- 
strated for this variety of B. compressus, is an interesting case of 
simplification of suture within the last survivals of the genus Bacu- 
lites of the North American Cretaceous sea. Compare, also, the 
return to a less dissected type of suture with the growth of the shell 
in B. grandis (p. 347 of this paper, Ph XXXIV, figs. 4 and 5a, b). 

The evidence of a later appearance of the reesidei type of suture 
as compared with the typical B. compressus suture, agrees with field 
evidence gathered in Wallace county that reesidei and corrugatm 
appear in somewhat higher horizons of the Pierre formation than 
typical B, compressus 

Occurrence, Var. corrugatu^ is perhaps the most common Bacu* 
lites in the upper part of the Lake Creek shale member of the PiciTc 
shale, while it was not found in the lower half of the menibc^i' or 
higher than at the base of the Salt Grass shale member in WalLMec? 
county. 

Baculites pseudovatus Elias, n. sp. 

(Plate XXIX, figs, la, lb, 2; Plate XXXTIT, figs, -la, b) 

Among the specimens of Bacidites collected from the Pierre of 
Wallace county there are some which have a smooth ventral side 
and a cross section of the B, ovatus type, but tlie suture is decidcally 
not that of ovatus, being about as much dissected as sii(ii!*e of 
compressus. The writer jiroposes to separate these foi'ins under a 
new specific name, pseudovatus. Tlie foians nf BaculiJes wiii(4i have 
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sutures of the ovatiis type but a cross section approaching that of 
compressus have been separated already by Reeside and named B* 
ovatus var. haresiP This author states that: examination of 

a large number of specimens from various horizons, preserved in the 
collections in the United States National Museum, showed but one 
specimen combining the evenly rounded form of B. ovatus and the 
suture of B, compressus/^ It would be interesting to compare the 
suture line of this specimen with that of B. pseudovatus from Wal- 
lace county, where this species and its varieties are fairly common. 

Description of the pseudovatus suture line is as follows: Sutures 
moderately closely spaced; lobes and saddles not as deeply sub- 
divided as in B. compressus s. s., but deeper than in B. compressus 
var. reesidei; siphonal saddle very narrow, being only one and a half 
times as wide as long, while in the latter two forms it is nearly two 
times as wide as long. The tripartite lateral branches of the siphonal 
lobe are cut in nearly the same way as in reesidei, while the siphonal 
saddle is different from both compressus s. s. and reesidei, being as 
wide as long, or two times narrower than in the latter two; the 
middle incisions of the first and second saddles are sharply pointed 
down at the terminal, while in the latter two the corresponding 
incisions finger out at the terminals ; the first lateral lobe is almost 
perfectly round in the outline, while the corresponding lobe of B. 
compressus s. s. and var. reesidei is ovate or egg-shaped with the 
sharp end pointing distad; the two terminal branches of this lobe, 
which in B, compressus are “standing, as it were, on a stem formed 
by the very narrow body^' (a), are not “parallel and sharply digi- 
tate^^ as in B, compressus s. s. and var. reesidei, but bifurcate each. 
The third saddle and the antisiphonal lobe are the same as in B. 
compressus in a broad sense. 

The type specimen of this form, showing distinct sutures, was 
found in the limestone concretions of the middle zone of the Upper 
Weskan shale member. It is of moderately large size, having a long 
diameter of 66 mm. and a short diameter 44 mm. at the end of the 
septate part of the internal cast. 

Numerous individuals of smaller size, not exceeding 40 mm. in 
the long diameter of the oval, or only slightly compressed cross 
section and quite smooth on the outside, are very common in the 
middle part of the Salt Grass shale member. Unfortunately the 
sutures of these numerous molds, when preserved at all, are so much 

12. Roeside, 1027, p, 10. 

13. Ibid., p. 11. 
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weathered as to preclude any reliable comparison. However^ in a 
very few cases the suture was sufficiently preserved to allow the 
writer to see that it is decidedly not of the ovatiis type, but is much 
closer to that of B. pseudovatus. The nearly complete suture O'f 
the best specimen is illustrated (Ph XXXIII, figs. 5a, b). ' Some 
differences between this suture and that of the typical B. pseudovatus 
(PL XXXIII, fig. 4a) can be noticed which may justify the separa- 
tion of the smaller shell as a distinct variety of B. pseudovatus. This 
separation has support in the fact that the smaller shell was found 
stratigrapMcally higher than the typical B. pseudovatus. The 
smaller form is provisionally designated here as B. pseudovatus 
var. .4 (PL XXVIII, fig. 2, and PL XXXIII, figs. 5a, 5b). 

Occurrence. The type specimen of B. pseudovatus was found in the 
limestone concretion bed (No. 8) of the Upper Weskan shale mem- 
ber, The few specimens with ovate cross section but without any 
suture line which were collected near the lower part of Lake Creek 
shale member most probably belong to this species. The form desig- 
nated here as B. pseudovatus var. A is very common in the middle 
zone of the Salt Grass shale member, where other fossils are rare. 

Intermediate forms. There are a few specimens from the Pierre 
of Wallace county which may be considered intermediate forms be- 
tween B. pseudovatus and B. compressus var. reesidei. The speci- 
men of which the suture and cross section are shown on Plate XXXI, 
fig. 3, and Plate XXXIII, figs, la, lb, is close to B. compressus var. 
reesideij but is not as compressed as the latter and has only very 
faint wrinkles on the siphonal side. This specimen came from the 
lower half of Lake Creek shale member. 

The specimens of Plate XXXV, figs, la, lb and 2a, 2b, resemble 
B. pseudovatus var. A, but are comparatively more compressed. The 
shell of both is perfectly smooth with only very faint wrinkles on 
the siphonal side. The suture is of intermediate type between var. 
A and B. compressus YBrr. reesidei. The specimen of Plate XXXV, 
figs, la, lb, came from the middle zone of the Salt Grass shale mem- 
ber, and the specimen of Plate XXXI, figs. 2a, 2b, came from the 
basal zone of the same member. 
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Baculites grandis Hall and Meek 

(Plate XXXI, figs, la, lb, 2a, 2b ; Plate XXXIV, figs. 4, 5a, 5b, 5e) 

1854. Baculites grandis Hall and Meek, Am. Acad. Arts & Sci., Mem., new sor., vol. 5, 
p. 402, pi. 7, figs. 1, 2 ; pi. 8, figs. 1, 2 ; pi. 6, fig. 10. 

1876. grandis Meek, U. S. Geol, Surv. Terr., vol. 9, p. 398, pi. 33, figs, la-b-c. 

1926. B, grandis Wade, XJ. S. Geol. Survey, Prof. Paper 137, p. 182, pi. 60, figs. 8 and 12. 

This species is recognized chiefly by the outstanding large diameter 
of the shell (long diameter as much as 4 inches) and very broad 
and strongly elevated undulations (Hall and Meek, 1854). The 
suture of this species closely resembles that of B. ovatiis. Hall and 
Meek describe the type specimen of B. grandis as follows 

^'Shell elongate; section varying from ovate to subcordiform ; surface of cast 
marked by very broad and strongly elevated undulations, which commence at 
the dorsum and pass obliquely downward, increasing rapidly in size and, cross- 
ing the sides of the shell in a broad curve, terminate abruptly on the ventro- 
lateral region. Undulations less distinct toward the smaller extremity and 
finally become obsolete. Septa very deeply lobed, principal divisions scarcely 
divergent. Dorsal lobe three-fourths as long and twice as wide as the superior 
lateral lobe; terminated on each side by a narrow elongated branch, which is 
irregularb^ sinuate and digitate at the extremity. Dorsal saddle shorter and 
wider than tlie superior lateral lobe, formed by four branches, tlie two terminal 
ones much the larger and each of them bifid at the extremity by a small sinus; 
the whole outline more or less sinuous and the extremities digitate. Superior 
lateral lobe longer by one-fifth than the inferior lateral lobe, narrower than 
the ventral saddle, divided at its extremity l)y a deep sinus into two equal 
parts, which are simply digitate ; above these are two unequal branches on each 
side; terminal sinus much deeper than the lateral ones. Ventral saddle longer 
and about as wide as the dorsal saddle, more deeply divided at its extremity 
by the auxiliary lobe into two, nearly equal, branches, each of which is bifid 
and the extremities digitate, ventral side with three and dorsal side with two 
auxiliary branches. Inferior lateral lobe shorter and broader than the superior 
lateral lobe, divided at its extremity into two, nearly equal, brandies, the one 
on the dorsal side bifid at the tip and the other digitate, with an auxiliary 
branch on the ventral side. Ventral lobe as long as tlie auxiliary lobe of the 
ventral saddle, but wider at the base, digitate at its extremity. 

^‘Angle of tlie apex about 5°. Length, as deduced from the measurement of 
fragments, by the convergence of the dorsal and ventral sides, 5J feet or more. 
Longest diameter of a fragment not distorted by pressure, 3.7 inches; shorter 
diameter from the surface of undulations, 3.3 inches; in the depressions be- 
tween the undulations, 2.95 inches. 

^‘The species is nearly related to B. ovatus of Say, from which it differs in its 
much greater size, larger apical angle, much stronger and more extended un- 
dulations, which cross the entire lateral surface of the shell. The section is 
more obtusely ovate; the lobes of the septa are much deeper, narrower, and 
less divergent in their branches; the digitations are sharper and more directly 
pointed in the longitudinal direction of the shell. The auxiliary lobe of tlie 


14. Hall and Meek, 1854, p. 402. 
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ventral saddle is longer in this species, while the extremities of tiie teniiiiiril 
branches are less deeply bihd than in B. In thivS species tlie iwo 

terminal branches of the superior lateral lobe are simply digitate^ wliile in 
B. ovatm they are deeply bilid, with obtuse sinuosi tie's. Ihxterimlly in its un- 
duiations on th(' sides, this species resembles B. nneepi^ of Lamarck, ljut will be 
readily distinguished by the absence of a dorsal carina and by its miicli {h'e|i(*r 
lobes wit.h less divergent di^n'sions. A comparison of tlie dr'iails of the divisions 
of the lobes and saddles shows a constant difference in the iwo .si)ecies.’’ 

No specmiens of this species were collected in Wallace county^ 
the Pierre shale of which represents horizons of the formation below 
those in which this species has been found elsewhere. However, the 
writer collected from the Pierre shale of Beecher Island, Colorado, 
some perfectly preserved internal molds of B. grandis^ the longer 
diameter of whicli varied from 2 to 3% inches. The molds sliow 
strong lateral undulations of the B. grmidis type, and they luive tlie 
sutures figured on Plate XXXIV, fig. 4, of this report. 

A long specimen of B, gra7idis showing the younger stages of tlie 
shell (but not the very earliest stages and the initial coil) was col- 
lected in the Pierre at the NW^/4, sec. 2, T. 2 S., R. 40 W., Cheyenne 
county, Kansas. The changes in the cross section of tlie shell and 
in the suture line of this specimen are illustrated on Plate XXXIV, 
figs. 5a, 5b, 5c. The most evident and important changes are the 
following: 

(1) The pronounced lateral undulations, which are so typical 
for the adult shell, do not exist at all in the younger stages, 
where the sides of the shell are perfectly smooth. 

(2) Contrary to the above mentioned change, the siplional 
side of the shell is smooth in the adults, but in the young stages 
there appear occasional faint to moderately strong wrinkles 
spaced about 4 mm. apart. 

(3) The first and second saddles are more incised in younger 
stages of the shell. While the degree of dissection of tlicse 
saddles in the adult sutures of the shell can be (and always 
have been) compared with that of B. ovatus, the degree of dis- 
section in younger stages is comparable to that in the adult 
shells of B. compressus var. reesidei and var. cornigatns, 

(4) The central incision between the two terminal branches 
of the first -lateral l6be is shorter in comparison with these 
branches in earlier stages, while the next two lateral incisions 
of the terminal have a tendency to come closer togetlier and 
build the slender stem (a) supporting the terminal branches, 
which is a very characteristic feature of the B, conipremfs type 
of suture. 
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(5) 111 the younger stages the second lateral lobe is inclined 
as in B. clinolobatus and B. compressus var. corrugatus. 

(6) In younger stages the cross section is elliptical and much 
compressed, while in the adult shell it is subtrigonal to oval 

All ill all the earlier stages of the shell of B. grandis resemble in 
many respects the vshell of B, compressuSj and especially B. com- 
pressiis var. corrugatus. B, grandis has been often compared with 
B. ovatus and inasmuch as it appears later in the Upper Cretaceous 
than the latter form, one is tempted to surmise that ovatus is an 
ancestral form to grandis. However, if the form and suture of the 
earlier stages of B. grandis are regarded as suggestive of the general 
appearance of the ancestral form, it must be a shell of the B. com- 
pressus type from which B. grandis descended. 

Occurrence. Several localities at Black Wolf Creek, Beecher 
Island, Yuma county, Colorado, chiefly in and about large limestone 
concretions at the base of the Beecher Island shale. From the same 
zone in Hackberry creek and tributaries to Arikaree river in north- 
western part of Cheyenne county, Kansas. 

B. grandis is the most typical baculite of the topmost beds of the 
Pierre, but originally it was arbitrarily referred to Fox Hills forma- 
tion by Meek.^® Later, however, a belief was expressed that ^^neither 
Baculites nor Inoceramus is knowm to occur in the Fox Hills sand- 
stone,’^^® and this is now generally accepted. Species of Baculites 
were recorded from the 'Tox Hills” formation at Cooper Creek and 
at Point of Rocks of Laramie Plains, Wyoming, at Bighorn Moun- 
tains^® and in eastern Colorado.^® According to Reeside none of 
these are in the Fox Hills, but rather in the Upper Pierre. In the 
Colorado foothills Fox Hills of the older literature is mostly Pierre.^® 
Recently ‘'some of the concretions” in the zone about 1,120 feet 
above the base of the “Fox Hills sandstone” of Fossil Creek were 
noticed to be “crowded with Baculites. If the latter identification 
is correct, the survival of the genus BacMlites high into what is 
usually considered by field geologists as Fox Hills formation, must 
be considered proved unless the lithological criterion which is usually 
employed to distinguish Fox Hills sandstone from the Pierre shale 

JB. Meek, 1870, pp. 388-S40. 

* 16. Stanton, 1925, p. 8. * ‘ 

17. Stanton, 1897, p. 141 and p. 147. . ' “ 

18. Stanton in Darton, 1905, j?, .'>2. 

19. Darton, 1905. p 

20 . Ferannal note by Reeside, April, 1031. 

iM. Matlier, Gillnly and T.nsk, 1028, |). 90. 
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is not reliable at all and some other means of recognition of the Fox 
Hills sediments must be adopted. 

The simultaneous disappearance in the Upper Cretaceous seas of 
North America of Bacidites and Inocermmis can be arbitrarily 
chosen as the end of the Pierre time, but this feature alone is only 
a negative characteristic for Fox Hills time. According to Reeside/^- 
the genus Sphenodiscm is restricted to the Fox Hills and is our best 
marker for the formation. 

Baailites clinolobatus Elias, n. sp. 

(Plate XXX, figs. 1, 2; Plate XXXIV, figs. 1, 2a, 2b, B) 

1908. BacuUtes anceps var. leopoUeiisis Novak, Bull. Aead. Sci., Cracovie, 1908, p, 32<1, 
text fig., p. 331, pi. 14, fig. 10. 

Among the material collected from the Pierre shale at Beecher 
Island, Colorado, there are several perfectly preserved specimens 
with smooth surface, moderatety compressed oval cross section, and 
a very interesting suture which is different from the rest of the 
American baculites known to the writer. The suture line is cer- 
tainly more dissected than those of B, ovatics and B. grandis and is 
about as digitate as that of B. co^wp^^essus var. reesidei. There are, 
however, some important differences which do not permit the classi- 
fication of the Beecher Island species with the latter variety of B, 
compressus (or with the typical B. compressiis) . Besides the smootli- 
ness of the siphonal side of the shell and the only slightly com- 
pressed oval cross section, the design of the suture is considerably 
different. The siphonal lobe is as wide as long. The first lateral 
lobe is as oval in outline as that of B. psetuJovatus var. A, but differs 
considerably from both B. p^eudovatm and B. compressm by having 
the terminal branches not standing ''on a stem formed by the very 
narrow body,” as in all these species. They are liere much separated 
by a prominent and long incision, which cuts the lobe deeply into two 
large bipartite teiininal branchlets. The second lobe is not parallel to 
the rest of the lobes and saddles, but is considerably inclined to 
the axis of the shell. At the same time the inclined lobe is sym- 
metrical in itself, having the branches of each side of equal ,si55e and 
sequence. 

It is interesting to note that the suture of B. clmolohatus is more 
similar to one of the European types than to any one of the American 
species so far described. On Plate XXXIV, fig. 3, the suture line 
of Baailites anesps var. leopolit/i^atu XsTvak 

22. Unpublished stratigraphic chart of Upper Cretaeeona, 1030. 
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with the Beecher Island species. The striking similarity of the 
following features in the suture line of the American and European 
species may be noted: (1) General character and degree of dis- 
section; (2) vertically elongated terminal branches of both the 
first and second lateral saddle; (3) perfectly oval outline of the 
first lateral lobes, which besides are dissected in the very same 
fashion; (4) inclination of the second lobes, the dissection of which 
is again very similar; (5) small, bipartite and not digitate median 
saddle (5) of the siphonal saddle. 

Taking into account the character and the degree of variability 
of the sutures within the same individual, as exhibited in our speci- 
men from Beecher Island (compare the two neighboring sutures of 
Plate XXXIV, figs. 1 and 2a), one comes to the conclusion that 
there is not the slightest difference between the sutures of the Ameri- 
can and the European forms. If we add to this the similarities of 
the size, outline and smoothness of the septate portions of the shells, 
we have to confess that the two are as identical as two individuals 
of the same species can ever be expected to be, and therefore they 
should be classified under the same specific name. The writer, how- 
ever, hesitates to apply to the American specimen the name Bacidites 
anceps var, leopolicmiSj because tlie other sutures of the same va- 
rieties, as shown on figures 5 to 9, page 331, of Novak’s paper, are 
quite different from that of figure 10, page 331, of the same paper, 
which is compared here with the suture of the Beecher Island form. 
These other sutures of the var. leopolumis Novak are much like 
the sutures of Bacidites f/mmEs* or B. ovati^j and one may cpiestion 
tlie identity of these with the specimen tlic suture of 'which is sliown 
on figure 10, page 331, of Novak’s paper, unless extreme \^arial)ility 
of tlie septa of \’ar. leopoliemsis is admitted. Tlie much confused 
situation in regard to the conception of tli(‘ European species anceps 
lias been pointed out liy Meek, who judged ^h‘rom published figures 
and desciaptions . . , that sliells belonging to more than one 

species have been included under Lamarck’s name.”^^' The situation 
concerning tlie limits of anceps has not improved appreciably since 
Meek’s time, and recently again it has been pointed out that there is 

considerable variation in the concept of the species held by Euro- 
pean students, 

It is advisable, therefore, to give the American forms, which are 

23. Novak. t90«. , 

2-L IVleA, :iS7(i, p. 407. v- 

25. Eaosido, 1027, \k 12. 
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related and in part apparently identical with some specimens referred 
to B. anceps by European authors, separate specific names, as was 
done in a similar case by Reeside.”^* At the same time the relation 
and even identity of the American fonns with this or tliat particular 
European form described under the name B, mceps must be pointed 
out. 

Distribution. Topmost Pierre or transitional to Fox Hills beds of 
shale exposed at Black Wolf Creek, near Beecher Island, Yuma 
county, Colorado. Also probably from the same zone of the Pierre 
in Cheyenne county, Kansas. The perfect molds of Baculites from 
this county in the old collection of the Geology Department of the 
University of Kansas are labeled B. anceps. They are indistinguish- 
able from B. clinolobatus of Beecher Island. 

Baculites vieeki Elias, n. sp, 

(Plate XXX, figs. 4a, 4b) 

1876. Baculites asper? Meek, Rept. Invert. Cret. and Tert. Fossils, U. S. Geol. Survey, 
Terr., vol. 9, p, 404, pL 39, figs. 10b, 10c (not figs. 10a, lOd). 

Meek described two small fragments of internal molds which he 
doubtfully referred to B. asper and thought to have the same strati- 
graphic position “near the top of the Fox Hills group of the Upper 
Missouri Cretaceous series.’'^'^ Recently Reeside, who described a 
much better B. asper from Montana and other midwestern states, 
correctly admitted to this species only that specimen of Meek which 
was illustrated on Plate 39, figures 10a, That the two frag- 
ments belong probably to two different species was realized by Meek 
himself. Speaking of the fragment shown in figures 10b and c, he 
says, “I can scarcely doubt now that it represents a distinct species, 
its strong, oblique, nearly straight ridges or undulations extending 
entirely across the sides being a very marked feature, contrasting 
strongly with the nodelike prominence on the other specimen rep- 
resented by figures 10a, d.” A fragment of the same size, cross 
section and sculpture (PI. XXX, figs. 4a, 4b) was collected by the 
writer in the Pierre shale at Beecher Island. This checks to some 
extent the stratigraphic position of this rare and interesting form 
high in the section of the Upper Cretaceous and makes it worthy of 
designation by a separate name. 

26. Ibid., p. 12, Baculites aquilcensis and its varieties, 

27. Meds, 1876, p. 406. 

28. Reeside, 1927, p. 13. 

29. Meek, 1876, p. 405. 
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The names asperoidGs or asperijormisy proposed by Meek (1876, 
p. 405), were intended for the specimen 10a, d in case it was proved 
not to belong to B, as^yer^ and, therefore, it is preferable not to use 
these for Meek’s specimen, figures 10b, c. Therefore, the new name 
meefci is proposed for the latter and for the specimon from Beeclier 
Island with which it is identical. The suture of B. meeki remains 
unknown. 

Meek’s specimen 10a, d, which is a true B. asper, possibly did not 
come from the Fox Hills formation at all, as, according to the new 
data, the species appears to be restricted to the lower part of the 
Pierre and to related formations. 

Ocairrence. In Beecher Island shale member, Yuma county, Colo- 
rado. According to Meek, near the top of the Fox Hills in South 
Dakota. 

Subfamily TuRRiLiTiNis 
Genus FIeteroceras d’Orbigny 
Heteroceras tortimi Meek and Hayden 

(Plate XLII, fig. 2) 

1858. Ifelicoperas tortum, Meek and Hayden, Proc. Acad. Nat. Sci. Phila., vol. 10, p. 54. 

1804. Hcfcrorcrm tarfim. Meek, Smitli.sonian Chcck-Ta.st N. Am. Oet. Fossils, p. 25. . 

1876. Heteroceras iortum. Meek, U. S. Geol. Survey Terr, llept., vol. 9, p. 481, pi. 29, figs. 
4a, b, c. 

The writer has little doubt that a fragmentary specimen collected 
from Wallace county belongs to this species of Meek and Hayden. 
The size of the shell, the number and prominence of transverse ribs, 
the presence of one or possibly of two rows of not prominent nodes 
and the wide umbilicus are much like the features of the type 
described and figured by The nodcss are spaced as widely as 

in Meek’s type, every second or every third rib provided with a 
node. Only very incomplete sutures can be observed in some por- 
tions of the Wallace county specimen. 

DkMmtion, Meek refers this type to the ^fiower part of the 
Foii} Pierre group.” The Wallace county specimen came also from 
the basal portion of the Pierre as there represented; from the top of 
the Sharon Springs shale member, where it was found in a limestone 
lens. According to Reeside ^khis type of shell does not occur in 
lower Pierre.” 

30. Mfjek, 1876, p. 481, pi. 22, figs. 4a, b, c. 

‘0 , ysA ;a7u, i'). — 

33. PersoiKil note to I he writer of April, UO.'t L ' ■ , , — 
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Family C0SM0CEBATII).E 
Subfamily Scapihtin.® 

Genus Soaphites Pai'kinson 
Sraphites pkmiis Meek 

(Pijito XXXVI, fifts. :in, n>, 1r, 2;-|, 2b, 2«*.; Plato XXXVH, fK^s. la, lb, Ic^; Plalo XXXIX, 
figs, la, lb, Ic; Plate XL, figs, fi, L fi, 0) 

IS^JO. Scaphitcs: '}m(hhH>js van plcnua. Mock and Haydon, Proc. Acad. Nat. Sfi. 

420. 

1870. Scaphitca nodoaus var. plemts Meok, IT. S. Goal. Survey Terr, Ropt., vol. 0, p. 420, 
pi. 20, figs, la, b, c. 

188;"). fU'uphites .^iihf}I(d}ot^iis Whitenvos, y>ars., Goid. Survey Canada, Oantr. Can. Paleon- 
tnlog\’, \’ol. 1, p. r»2, pL 8, figs. 2, 2a. (Not. pb 7, fig. 2; pi. 8, fig.s. 1, la.) 

100.1, St'aphilcs nadosKS var. plt'tnix, Smith (VV. D.), Jour. Gool., vol. 12, pp. 028, 044, 
647-048; fig. 1 (p. Oil) and figs 3-7, 8, 10 (p. 645). 

1017. Scapfiifc!^ md:)globo>v(s Dowling, pars., Geol. Survey Canada, Aleiri. 03, p. 32, pi. 31, 
fig.s. 3, 2a. (Not pi. 31, figs. 1, la. Reprints of 'White.'ive.s’ drawiiig.s.) 

1027. AccuUlioi^ra'phifcs (lodof^iis var. plcnus, Rceside, U. S. Cfi'ol. Siirwy Prof. PaiK'r 150- 
B, p. 32. 

The following is the eoinplete cjuotation of Meek^s de.seripHon of 
this interesting form: 

“This form differs from the typical Scnphites nndosm, not only in its 
proportionally shorter deflected body-part, but also in its much more gibbous 
form, and in the smaller size of its inner rows of lateral nodes, which are placed 
nearer the umbilical side. It also sometimes shows a slight tendency to de- 
velop a third intermediate series of very small lateral nodes about mithyay 
between the other rows, such as I have not seen in any of the other viu’ieiiies. 

“This tendency, however, is only manifested by a scarcely iierce|itible swell- 
ing of the cost® at this point, and consecfiiently escaped the attention of the 
artist in drawing the figures ; while even this faint tendency is not constant. 

“Compared with the foregoing forms regarded as varieties of 8. riodosm^ 
this shell also presents a remarkable contrast, both in form and size. So great, 
indeed, difference that it seems difficult to believe that it can be properly 
regarded as even a marked variety of the same species as that represented by 
our figures 2, a, b, of plate 25; and, although I continue here to range it pro- 
visionally as a variety of s. nodosus, I am not altogether free from doulils on 
this pioint. Still, wdien \ve come to compare it with Owen’s figure of tlie t v’pical 
s, 7iodosus, and with the intermediate forms represented on our ])late 25, litllf? 
is found to distinguish it from the same, excepting its very I'mitricosr' form, 
a character not alone generally reliable for distinguishing .species in this and 
allied groups of shells. Its septa will be ob.served to agree almost (‘Xiictly, 
excepting in mere minute individual details, with those of tlie variety 5rei'/.s‘, 
figured on plate 25, and to present the same differences in the smaller lolio.s 
from the variety qiiadrangidaris, that the variety brevis does. At one time I 
was rather inclined to think that this great difference in the con\a^xity of tlu'se 
shells plight be merely sexual ; but the fact that the variety or species plemis 
was only found at a locality on yf'nnwi=?tone ps-'ocinled 


33. Meek, 1876, pp. 42fi, 430. 
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with some of the more compressed forms), while no specimens of it were 
found at numerous other localities where the latter forms are common, does 
not seem to sustain this view.” 

Tlie specimen from Wallace county illustrated here (PI XXXVI, 
figs. 2a, 2b, 2c) has been (and still is) compared by the writer with 
tlie smaller specimens of s. suhglobosus Whiteaves. At the same 
time he came to a conclusion that the larger specimen of Whiteaves’ 
slioiild not be classified with the smaller ones and tliat Whiteaves 
was ill error in doing so. Inasmuch as the species established by 
Whiteaves was compared by Stanton with S. mxdlananiis Meek 
and Hayden, the writer felt justified in restricting the name mb- 
globostis to the smaller specimens (PL 8 , figs. 2, 2a) of Whiteaves, 
which certainly do not resemble mullananus. ConscqueBtly, he 
felt justified to identify tlie specimen from Wallace county with tlic 
smaller specimens of S. subglobosus. However, in discussing the 
rnatfxM* witli J. B. Reeside, the latter lias achdsed the writer tliat he 
^A‘.xamined the younger stages of nodosus var. plenus and found 
tliem to dujilicate Wliiteaves’ figures of tlie su[) posed Aaiung of siib- 
globosus,'' To this lie added Ids opinion, which confirms tlie writer’s 
view, that ^‘Wliiteavcs was in error in supposing his small specimens 
to be the young of his larger specimens.”'^'” Subsequently Reeside 
has very obligingly supplied the writer with a squeeze of the inner 
wliorl of a large specimen that agrees exactly with subglobostis, a 
cast of tlie holotype of S. nodosus var. plemis M. and H. and two 
younger individuals of the latter form from Soutli Dakota. Tlie 
examination of this material convinces the writer of the cori’ectness 
of Reeside’s view that both tlio smaller specimens of Wiiiteaves and 
the sficcimeii from Wallace county represent younger individuals of 
N. lilcnus. Consequently the name subglobosns must lie restricted 
to tlie larg(‘ individual of Wiiiteaves’ species only (Wiiiteaves’ PL 7, 
fig. 3, and PI. 8, tigs. 1, la), and not to one small individual de- 
scrilied liy Whiteaves under one name, subglobostis. 

Iiiasmucli as Meek illustrat.ed only one large adult spedraeii of 
plemis, in winch the inner volutions are hidden inside of the outer 
whorl, it is appropriate to illustrate and describe here the younger 
stages of tlie shell, which seem to be found more often in the Pierre 
shale tlian tlie complete large specimens with tlieir living cliamber 
preserved. 

One of the most important results of the study of these earlier 
"stirgcs'Vf plemis is tlie is wider tlian 

lU. Slaiilmi, ISIKI, (i. 

Mr», [<*■•( i‘r to tii(‘ \vril,<T. Novcmltfr Ul, ID.'Ki. 
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high in all stages of growth. In tliis respect plemis differs eon- 
siderably from all varieties of AcanthoscapMtes 7iodosm (including 
the typical form) , the shell of which is always higher thian wide. 
This difference alone justifies the removal of plenm from ./'hai/i,- 
thoscaqMteg nodosus, a variety of which, thougli no't witlioiii hesita- 
tion, it waas considered by M’eclc. 

The Wallace county s]')ecimcn (PL XXX VT, figs. 2a, 2b, 2(:‘) is 
round and much inflated; the maximum widtli is 20 mm.; the largtu* 
diameter is 35 mm. Volutions are broadly rounded on tlie peripliery 
and on the lateral side, but are much more narrowly convex on tlie 
inner or umbilical side. The preserved nonseptate portion of the 
shell equals about one-third of a volution. Ribs are proiniiient. 
slightly curved toward aperkire on the sides of sliell and nearly or 
quite straight on the periphery. The ribs increase in number from 
the umbilicus to the periphery by intercalation of additional ones, 
two extra ribs being usually well developed at the row of peri|)heral 
nodes. On the rounded ventral portion of the shell, between tlie two 
rows of the peripheral nodes, an extra rib is added at each node, 
which brings the total number of ribs on the venter to about 34 on 
the half of the outer volution, as against 9 at the corresponding 
part of the shell of the umbilicus. The nodes occur in one row only 
on each side and are moderately prominent, every third, or rai’ely 
every second, of the lateral ribs being provided with a node. Inner 
volutions are also provided with the peripheral rows of nodes whi<di 
begin to appear when the radius of volutions reaches about 5 mm. 

The smallest specimens described as S. subglobosus by Whiteaves'**^ 
resemble in every respect the above-described specimen from Wal- 
lace county. The ribs of Whiteaves^ specimen are as much curved 
and nearly as densely spaced as on the Kansas specimen, HowcnTiir, 
in the latter shell tliere are three to four times as many ribs at the 
periphery as at the umbilicus, whereas Whiteaves observed ‘dwlcje 
or perhaps three times as many on the center of the peripliei^y as 
bn the umbilical margin ... in half-grown and very young 
shells” of the Canadian material. However, the direct cornpai’ison 
of our shell with the sketch by Whiteaves (PL 8, fig. 2) shows not 
much difference, if any, in the number of the lateral ribs. The nuiii- 
ber of ribs counted on the periphery of the same diameter for a volu- 
tion is about 34 on the half-volution of this Kansas form and about 
27 on the half-volution of the Canadian sj3ecimen (counted on tlie 
sketch on the left Pl/s, "figh2, of VViut- 

86. Whiteaves, 1885, pi. 8, figs. 2, 2a. 
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eaves^ paper) . The nodes on our specimen are as prominent and as 
distantly spaced as in the Canadian type, in average about every 
fourth rib being provided with a node. The peripheral nodes are 
also noticed on tlie inner volutions of the Kansas specimen, which 
agrees witli the cliaracteristic given by Wlhteaves, who noticed tlie 
nodes in tlie specimens ^^aboiit two inches in their greatest diameter 
and in still smaller ones.’^ All these smaller specimens of S. sub- 
globosvs Whiteaves must be now considered young stages of S. 
plenus. 

The specimen (18907) from Pierre of the Black Hills (PL XXXVI, 
figs, la, lb, Ic) is identical in almost every respect with S. plemis 
from Wallace county, but it has a somewhat smaller umbilicus and 
same minor differences in sutures. The larger specimen from west- 
ern South Dakota (PL XXXVII, figs, la, lb, Ic; PL XXXIX, figs, 
la, lb, Ic) is somewhat more gibbous and the ribs of this shell are 
slightly coarser and more distantly spaced than in the other two 
shells above described. For instance, there are only 26 peripheral 
ribs to the lialf volution with diameter about 30 to 35 mm., while in 
the shell from Wallace county, which has the same diameter, there 
are 34 ribs. However, this difference is not very important and, 
when considered alone, hardly justifies separation of the western 
South Dakota shell as a variety of S. plenus. The size of the um- 
bilicus of the form from South Dakota is comparable to that of the 
specimen from the Black Hills ( 18907 ). 

Meek illustrated and described only the outer part of the suture 
of plemis (see PL XL, fig. 6). The material at hand permits study 
of the complete suture of this species on all three individuals (PL 
XL, figs. 3, 4 and 5) here described. The sutures of these individuals 
are not exactly alike, but their differences do not seem to be so im- 
portant as to prevent consideration of the three as specifically 
identical. Possibly they may be regarded as varieties of plenus, 
but one must verify tlie constancy of those differences whicli seem 
sufficient for a separation of a variety on more material than that 
at the writer's disposal. The general design, the number of larger 
lobes and saddles and the character of dissection of the suture of 
the described specimens are fairly identical. 

Meek pointed out the similarity of the sutures of plemis with tliose 
of S. nodosus var. brevis. Though admitting the similarities as 
pointed out by Meek, the writer sees the following common features 

in the sutures otTdVeK'rTy^ and, of the shells liei'e (k- 

scribed wliicli may serve for their distinction from the nodosus gi’^mp: 
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(1) The general outline of tl;ie first lateral saddle is nearly sciiiarc 
in botli var. brevis and var. quadrangularis of nodosiis group (see 
Pi, 25, figs. Ic, 2c, 3c, Meek, 1876). A sciuare outline of this saddle 
is sliown also by tlio typo specimen of S. nodcmis:^^ (1-ontrary to lliis 
the first lateral saddle of S. plervus has an oval outline with outer 
branch much sliorter tlum the larger inner branch ; see the suture of 
tlie type -of S, plemis (PI XL, fig. 6) and tiie sutures of all s|:)(‘ci- 
mens liere described (PL XL, figs. 8, 4 and 5). 

(2) Tlie second lateral lobe of brevis and quadramjularis is fairly 
symmetrical and is divided into two equal or nearly equal branches, 
each of which is in turn distinctly bipartite. The corresponding 
second lateral lobe of plcmis lias its outer bramrh always mos’c^ 
digitate than tlie inner branch (see all sutures of tlie species liere 
illustrated). Owing to tliis, the second lobe lias an appearance of 
being subdivided into three brandies (see tlie sutures of ilie spei^i- 
mens liere described, PL XL, figs. 3, 4 and 5). 

Tliere seem to be no particular points of distinction between tlie 
inner part of the suture of S. pUmus and the inner part of tlie suture 
of the specimens of A. 7iodosiis of the writer’s collection. 

Xovak placed nodosiis Owen and its varieties as establislicd liy 
Meek in the genus Acarithoscaphites, -while Reeside expresses his 
opinion in this matter in the following way: 

‘‘Whether all the forms customarily placed in the si)ecies nodosiss Owen 
belong to Acanthmca:phites may be doubted, but this comprehensive siiecies 
needs extensive revision before much can be said of it with confidcncr:', and 
in the ineariwhile it may be left fis No\’ak assigned 

The writer did not make any ren’ision of tlu^ wliolc nodosiis gi"()U|), 
but bis material on plenus^ supplemented by the specimens sent to 
him by Reeside, permits liim to (‘oncliide tliat plenus does not btdong 
to Acaiithoscaphites^ but must be placed in Holcoscaphites Nowik, 
which is a synonym of Scaphites in the proper sense. Tlie i’ol lowing 
are tlie features of pienm which are (diaractcristic of tli(‘ latter 
genus: 

(1) The shell is wider than liigh, which liolds true in all slages 
of growth. 

(2) In the young stages of the shell the outer sculpture is pre*- 


37. Owen, 1852, pi. 8, fig. 4a. Moek justlv remark.s that Owon’.s "figure of a sejvfum” 
of nodosiis "is evidently not drawn with sufficient coinpletene.ss and aceiiracv of detail," Ivnt 
the first lateral saddle of Owen’s drawing, which shows a square outline couiparMhlc' to that, 
of brevis and quadrangtdaris, seems to be more accurately drawn than tlio rest of the sufmo. 


38. The writer does not^ugw of any 
sutures of A. nodosus or its viTuTies:'" ■ 


innor pm 


39. Reeside, 1927, p. 27, 
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(’isely of the type which is considered typical for ^'the 

ribs pass without nodes from the umbilicus, end at the edges of the 
venter witli a nodose tiiickening and then split into weaker, sec- 
ondary ribs.”*^’"' 

The suture of plcmis is of the type of aS. aequalis Sowerby except 
that the second lateral lobe is much shorter than tlic first lateral 
lobe, wliilc according to Novak the lobes of Holcoscaphites 
(rz: decrease in size gradually. However, it must be 

added tliat in the suture which is next to the living chamber in the 
specimen of S, plenus from Wallace county (PL XL, fig. 5) , the first 
lateral lobe is only sliglitly higlier than tlie second lobe, wliile in 
tlie next suture (not illustrated here) tlie first lobe is much higher 
than the second. It seems as if tlie difference in the sutures of this 
sort may he considered of lesser importance tlian the diflurences in 
tlie shaiie. and sculpture of tlie sliells of Bmphiics group. Tlie genus 
Yezoites, ))asc‘d by Yabc on some pecailiar characters of the internal 
(dorsal) pa,rt of tin? suture in some Japanese species, is not regarded 
I'alid (‘ither by Nowde or by Reeside. 

in eoiK'lusioii the writer would say tliat inasmiieh as he did not 
l:ia\a:‘ an ()|)])orl unity to re\dse tlie whole groii]) iiodosiis Owen lie 
leawis open to (lucstion tlie generic rehation between plenus and the 
rest of tlie sliells of the ‘nodosus group; he tliinks, however, that 
there is enougli evidence at liand to make plenus a distinct species. 
The possiliility of such separation of S. plenus Meek from the rest 
of tlie nodosus group was foreseen by Meek himself/^ while Reeside 
also liolds the view that ^hhere is warrant^^ to do so."^- 

Occurrence. Tli(‘ specimen of X pleivus was found in tlie con- 
cretionary limestnne zone at tlie base of Salt Grass sliale memlier 
ill WaJIaci* county. The tyjie speOmmi of S. pJnrius is referred by 
M{‘(‘k to ( lie “upper |iart of the Fort ]:^ierre gi‘ou|) of tin* Upper Mis- 
souri Cretji(*e()iis sm’ii's.” Canadia/ti specimens are referred to tlie 
Fox Hills sandstone north of Wood Mountain, Alberta.'’'’' It appears 
as if aS. plenus is ehaixictei'istic of somewhat higlier horizons of the 
Pierre tlian A, nodosus a/nd its varieties brevis and quadmngularis, 

lU. Recsiilo, 10i?7, p. 2t, dol'itiificjii of gonii.s Holca^capliHes (= ScaphUes) translaled 
afier X’ovnk. 

41. Meek, ISUi, pp. 42D, 430. ' 

42. Letter to the writer of December 9, 1930, 

43. M'eek, p, 430. 

44. Ann. Rept. Getil. Swrvey Canada, vol. 1, p, 40 C, also Bowdinpc, 191Y, p. S2„ 

^■•‘errrdi no- i.o ^,',1.1 'W,,, jg not ti'ue Fox Hills, but a santly Pierrt*. liorizoE 

(I'tersoii.'i! note of April, 1931). 
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Genus Acanthoscaphites Novak 
AcmitJioscaphites norosm (Owen) (1852) 

Tl'iis specicvs of Owen and its varieties bretm and qwidmmftdaris 
established by M^eek are the most common scapliites of the Pierre 
in Kansas. However, complete and undistorted specimens of this 
form are very rare and, in nearly every case, the species or its 
yarieties were identified on fragments of various size. In spite of 
the fragmentary occurrence, this important index fossil of the Pierre 
can be nearly always identified with a fair degree of accuracy, its 
comparatively large size, coarseness of costie and promiiienee of 
nodes being r^ery characteristic. 

Amnthosmphites nodostis (Owen) s. s. 

(Plate XXXVIII, figs, la, lb, 2, 3) 

1852. Scajyhitcs (Amnwmtes) nodomis, Owen, Repoi't Gcol. Survey Iowa, Wis. and Minn., 
p. 681, pi. 8, fig. 4. 

1892. Scaphites nodosua, Whitfield, U. S. Geol. Survey, Mem. 18, p. 261, pi. 44, 
figs. 13, 14. 

1896. Scaphites nodosus, Gilbert, U. S. Geol. Survey, 17th Ann. Kept., pt. 2, pL 65, 
fig. 2. 

1905. Scaphites nodosiis Owen, Smith (W. D.), Jour. Geol., vol. IS, pp. 638, 648. 

1907. Scaphites nodosus Owen, Weller, Rept. Cret. Pal, New Jersey, Geol. vSurv. New 
Jersey, Pal., vol. 4, p. 824, pi. 107, figs. 1, 2. 

1916. Acanthoscaphites nodosus (Owen), Novak, Die Bedcutung von Scaphites fiir die 
Gliederung der ober Kreide: K. -k. geol. Reichsaastalt Verb., Jahrg. 101 G, w. 3, p. 63, 

1927. Acanthoscaphites nodosusj Reeside, U. S, Geol. Survey, Prof. Paper, lOO-B, p. 32. 

Owen describes the type of the species as follows: 

'‘Shell large and ponderous. Volutions subcylindrical, enlarging gradually 
towards the terminal chamber. Surface ornamented with sinoiis coske, most of 
which bifurcate at different distances from the umbilicus and, thus multiplied, 
proceed across the dorsum. Two rows of very prominent tubercles. The row 
near the periphery especially large and prominent, and from one-half to thr(M> 
quarters of an inch apart. Aperture subovate. Greatest diameter, four indies; 
greatest thickneas, two and a half inches,*^ 

The following characteristic features of the typical form as com* 
pared with its variety brevis and quadrangularis were used by tlie 
writer in identification of his material from the Pierre of Wallace 
county: (1) Larger size; (2) costse of both peripheiy and sides are 
more distant than in brevis and guadrangularis; (3) both lateral 
nodes and peripheral nodes are equally prominent and nearly eqiii- 
distantly spaced; (4) the row of nodes corresponding to the umbilical 
nodes of var. brevis and var. quadrangularis in the typical nodosus 
, ' is nearly in the middle of the flank. of- one' ■■ 


45. 


Owen, 1852, p. 581. 
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Occurrence. In the upper half of the Upper Weskan member and 
in the Lake Creek tnc'mber of the Pierre siiale of Wallace county. 
Owen’s type siiccinieu came from the upper part of ihe I’ierru from 
near Cheyenne river, Smith Dakota.''" The siieciiuon figured !.»y 
Gilbert came from “Tepee butte”“2one of the PienT of Arkansas 
river, Colorado. According to Ilccside tlic siiecies Iwdongs (o tin; 
upper, as compared to the lower, jiart of the Pierre. 


Acmthmcaphiten nodosn.'i var. hrevis Meek 

(Plate XXXVI, fig. 2; Plate XI.I, fig. .1) 

1870, Scaphites nodosus var. brevk^ Meek, U. S, Geol. Survey Terr, llept., vo!. 9, p. 4215, 
pL 25, figs, la, b, c. 

Not 1905. Scaphites nodoms var. brexris Smith (W. D.), Jour, GtHfl., vol. IS, p|L 6X8, 
640-049, lig, 1-2 (p. 641). 

1927. Acanthoscaphites nedosm var. brevis^ lieasirlo, IJ. S. Geo!. Survey, Prof. Paper 
150-B, p. 32. 

Meek states that: ‘‘^This shell cliffei's from Doctor Oweii^s type 
of his nodosus in having its nonseptate pai't deflected iiortioii of 
the last volution much shorter, and its inner volutions mo.re corn- 
pressed, wliile tlie nodcjs near its umbilicus are decidcly smaller.” 

The writer would add to this that the costae of var. brevis arc more 
closely spaced than in the typical A, nodosus and that the lateral 
row of nodes in tlie former is closer to the umbilicus than in the 
latter form: “along about one-third the height from the umbilicus” 
in var. brevis,^^ Furthermore, there are only a few (three on fig. 
lb of Meek^s monograph) and smaller nodes at the umbilicus of var. 
brevis, while the lateral nodes are numerous (8 or more) in the 
typical A, nodosus and at least the middle nodes of the row are not 
less prominent than the peripheral nodes of the species.®^’ 

Occurrence. In tlie I^ake ( Ireek member and at the base of tlie 
Salt Grass member of the Pierre shale in Wallace cjoiinty; possibly 
also in the Upper Weskan shale member. The type of tlie variety 
came from the upper part of the Pierre on Yellowstone river, 
Montana.‘"*’' In the Upper Pierre according to Reesider'''^ 


46. Meek, 1870, p. 428. 

47. Reeside, 1927, p. 32. 

48. Meek, 1870, p. 427. 

49. Meek, 1870, p. 427. 

60. Compare Owen, 1852, pi. 8, fig. 4. 

61. Meek, 1876, p. 428. 

62. Ileeside, 1927, p. 82. 
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Acanthoseaphites nodosus var. quadrangvlark ifeek and Hayden 

(.Plati! XXXVIt, fi«. 3) 

18C»0. Scaphitcs 7 iod<miH var. quadnmmdarh Meek and Hayden, Pjtm'*. Aci.uL Nat, Sri. 
Phila.j vol, 12, p. 420. 

1800. Bcaphitm nodosm var. exilic Meek ainl Tlay<len, Vvov. Aend. Nat. Sei. Phila., vol, 
12, p. 420. 

1870. Scaphites nodomm var. quadrangular^. Meek, U. S. Occd. Siutm’.v IVrr., lle|:iL, vol, 
9, p. 428, pi. 25, figa. 2a., b, c; 3a, b, c and 4. 

Not 1905. Scaphitei^ nodosm var. quudrangulark, (W. D.)» Jour. Getd,, vol. IE, 

pp. 638, 040-649, fig, 1-3 (p. 041). 

1927. Acmithoscaphite^'i nodostm var. quadratigidarh Hetjaide, If. S. Gaol. Survey, Prof, 
Paper 150-B, p. 32. 

According to Meek this variety differs from var. brevis ^hiot only 
in its usually smaller size, but also in having its periphery flattened, 
its umbilicus rather large, and its body part narrower in its verticnil 
diameter, as well as less straightened along its upper margin. Its 
inner row of nodes will also be seen to be nearer tlie umbilical 
margin, and the outer rows near the periphery ; the latter character 
being, of course, due to the flattening of the periphery. There, will 
also be seen to be some slight differences in the details of its septa, 
particularly in the form of its third lateral lobe, and the presence of 
a small fourth lateral. 

'^Compared with Doctor Owen^s typical form of S, nodosm it will 
be seen to differ even more strongly than the last, in form and several 
other respects.'^ 

The smaller size, the presence of a number of rather prominent 
nodes at the umbilicus and subquadrate cross section are the chief 
characters used for identification of this variety of A. 7iodostis in the 
Pierre of Wallace county. 

Occurrence. In the Upper Weskan and in the Lake Creek sliale 
members of Wallace county Pierre; also at tlie base of the Salt Grass 
shale member. In the upper part of the Pierre on Yellowstone river, 
Montana, according to Meek.'^^'^ In tlie upper Pierre according io 
Ileeside.*"''^ 

AcmithoscapMtes (?) reesideiWada 

1926. Scaphitm recBidei Wade, U. S. Geol. Survey, Prof. Pupdr 137, i). 183, pi. <»!, 
figs. 8-7. 

1027. Acanthoscaphites (?) reesidei, Reeside, XT. S. Geol. Survey, Xb'of. Paper 150-B, 
p. 33. 

A good and nearly complete (except living chamber) specimen 
of this rare species was found by the writer in Wallace county in 
1927. Unfortunately, the specimen is not now at his disposal and 
therefore it can be neither illustrated non Aescribed. T he. snecinHni 


53. Meek, 1876, p. 429. 

54. Reeside, 1927, p. 32. 
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was compared tiy the writer in 1028 with the figures and descadptions 
by Wade and was found to agree witli the figure of the tyfie in 
every respect, including the cliaracter of the suture. 

Occurrence. In limestone concretionary zone at the hum of the 
Salt Grass shale member in Wallace county. The type specimen of 
A. feesidei came from the Coon creek locality of the Ripley formation 
in Tennessee. 

Genus Discoscaphites Meek 

cf. Discoscaphites (?) constrictus Sowerby var. tenuistriatus (Iviier) 

(Plato XXIX, fig. 3; Plate XXXIX, fig. 10) 

Compare 1908. Scaphites conMrictim Sowerby, Grossouvre, Mem, Mus. Royale B’ HhI. 
Nat. Belgique, p. 36, pi. 11, fig. 6. 

Compare 1911. ffoploscapMtes camirktusUenuiUriatim Novak, Acad. Sd. Craeovie Bull, 
internat., s(‘r. B, p. 986, j)!. 33, figs. 13, 21 and 22, 

Though the writer realizes that an identification of European 
species among the American Upper Cretaceous forms must be made 
with caution, he nevertheless compares provisionally fragmentary 
remains from Wallace county with some illustrated shells of tlie 
co'mtrictu.s type from Europe, because the Wallace county remains 
differ from all American Upper Cretaceous ainonities so far de- 
scribed. Their size is small, they are considerably compressed, tlieir 
surface is marked by fine ribs and tliey have a small umbilicus. 

In all these respects tlie remains are com])arab]e to DmmcapMtes 
nicoUeti Morton, but not the faintest trace of tubercles of any kind 
can be observed on the specimens from Wallace county. It is in- 
teresting to note tliat Meek compared D. fiicolleti with some 
tuberciilate varieties of Scaphites constrictus Sowerby from Europe, 
as illustrated l)y d’Orbigny,^’^ and according to Novak botli tubei'- 
culate and nontuberculate forms exist among tlie sliells whicli he 
refers to >S. constrictus var. witli wliich tlie specimens 

from Wallace county have so rnucli in common. Thus it appears as 
if we miglit extend the conception of D. nicoUeti so as to include 
iiontiilierciilate forms, which otlierwise differ little or not at all from 
the typical nicoUeti This, however, is not advisable for the follow- 
ing reasons: 

(1) The presence of peripheral tubercles is mentioned in the origi- 
nal characterization of the type specimen of nicoUeti Morton.*^^ 

(2) The stratigraphic position of true nicoUeti is Fox Hills and the 
upper part of the Pierre. Though the writer collected this species 



56, Meek, lyrgri** ***^^ ' * '"* ■ * 

.50. PuKM>nt. Fr., Terr. Cvet., I, pl. 139, fig. S. 


57. 1842, p, 209, tkcHigh tifijorcles are not. shown on the ninch generalised sketch, pi. 10, 
fig. 3,* 
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in Wallace county as low as at.- the top of the Salt Grass sliale inc'iii- 
ber, whidi is a'lioiit in the inickile of the lie coriBidei's tiui 

Salt Grass speeiincns a new varietyr of mcoUeti^ which is deseribcal 
below (tins vas’icfy is tviberculate)- I'he remains lierc compared 
with tlic larntubcvrcuhite varieties of European condnctm liave Imm. 
collecsted as low in the Pierre as in the Imwor Weskaii sliale member, 
wliicl'i is only about 200 feet above the l)ase of t:*he formation. 

If, in tlie course of time,'tlie identity of mcolleti wltli Eurispeiiii 
cmistrictAis is proved, there would be more reason to separate tlic 
nontiibcreulate European \mriety of constrictm as a distinct form, 
and not, contrary to this, mix up the American tuber (uil ate and non- 
tuberculate forms of the nicolleti type, wliich, as far as is established 
at present, do not occur togetlier in the stratigraphic column of the 
North American Upper Cretaceous, 

In view of all these considerations the nontiibcreulate remains 
here described should be given a new name. However, due to the 
imperfection of the remains from Wallace county and the badly 
preserved suture, the writer prefers to designate them temporarily 
as cf. D. constrictus var. tenuistriatm. 

Occurrence. Two small individuals, the better of which is shown 
on Plate XXXIX, figure 10, came from limestone concretions of the 
Weskan shale, and probably from the Lower Weskan shale member. 
The larger individual of Plate XXIX, figure 3, was collected in 
the Upper Lake Creek shale member. All specimens were collected 
in Wallace county. 

Discoscaphites nicolleti (Morton) Meek 

1842. Ammonites nicolleti Morton, Acad. Nat. Sci. Phila, Jour., 1 ger., vol. 8, pt. 2, p. 
209, pL 10, fig. 3. 

1862. Ammonites nicolleti Owen, Eept. U. S. Geol. Surv. Wisconsin, Iowa and Miniiesotu, 
pi 8, fig. 1. 

1862. Scaphites (AmTnonites) comprimis Owen, ibid,, p. 680, pi 7, fig. 4. 

1867. Scaphites nicolleti Meek and Hayden, Acad. Nat. Sci. I^hila. Jour., vol 8, p. 281. 

1876. Scaphites (Discoscaphites) nicolleti Meek, U. S. Geol. Survey Terr., Ilept,, vol 9, 
p, 435, pi 34, figs. 2 and i. 

1927. Discos caphites nicolleti Reeside, U. S. Geol Survey, Prof. Paper 160-B, p. 31-3*2, 
pi 9, figs. 5-7. 

Meek gives the following definition of the species : 

“Shell oval-subcircular, much compressed; volutions so deeply embracing 
as to leave only a small umbilicus, all strongly compressed laterally, inner ones 
narrowly rounded on the periphery; deflected part of last turn so very short 
as not to become free at the aperture, narrowly flattened on the periphery 
below, and somewhat widened and straiyh+''*' -d along the iip pAv mowm 
the umbilicus; aperture narrow-oval; surface ornament^ bynumero^^ 
somewhat flexuous costm, which increase by division and intercalation so as 
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to alioul, five time as many around tlio periphery as at the inner sicie; 

i‘ost® c'verywheri' wit.hoiit tubercles or nodes, excepting a single row along 
laicli side! of tlie flafiened periphery of the outer volution, all crossing the 
p('riplK‘ry wiih a modeni-te forward curve. 

“Length, 2.31 inidies; height, L92 inches; convexity, about 0.62 inch.' ’ 
ll'ie suture of the* species was unknown until tlie description by 
Meek. Aet'ording to tins author the suture of tlie species is iniieh 
like that of conradi var, intermedius^ which ‘diolds almost 

an (‘xaetly interniediate position, as it were, between the typical S. 
conradi and S. rdcolleti Morton (=S. compmnis Owen), both in 
external and internal eharactersd’’''^ 

Thoiigli Mnek points out some minor differences in the sutures of 
S. nicolMi and S. conradi var. intermedim, he says that ^^these dif- 
{(‘rences in the details of tlie lobes and sinuses of tlie septa are not , 
it must lie oonfc'ssed, very important, or even not greater than we 
may frequently see between those of different individuals of the 
same species.” Meek furtliermore stresses the differences in tlie 
sculpture bcdAVC'en tlie conradi and nlcoUeti groups and points out 
tlie “entini absence of tubercles on the sides of all the volutions, 
both inner and outer” of tlie nicolleti form. In tins respect tlie 
'^shell departs from the Discosaiphitos group,” but 'd‘rom its close 
general relations to the last, however, in which that character does 
occur, both in form and in the details of the septa, it seems improper 
to place it in any other section.” 

It is interesting to point out that in Owen^s Scaphites comprimis, 
wliicli Meek classifies with I>. nicolleti, there is a row of “more 
obscure tubercles, one-fourth of the distance from the inner margin 
of tlie convolutions,”^’*^ which are also shown on Owen’s sketch. 
Since tlio outer scul|)ture is an important feature in classification 
of the siiccics of the I) iscoscaphites group, it a|)pcars that Owen’s 
type may [lossibly be a variety of D. nicolleti, having not only an 
additional row of tubercles but also a somewliat different arrange- 
ment of costa. As will be sliown below, the specimens of D. nicolleti 
from Wallace county have more distantly spaced marginal costoe 
tiian in tlie specimens described by Meek. Tliere are again some 
differences in the outer sculpture as vcell as in tlie suture line, which 
ficrmit tlie separation of this as a new variety of the riicolleti type. 

r)8. Meek, 1870, p. 435. 

51). Meek, 1870, p. 434. 

00. Ibid., p. 434, 

01. Ibid., i>. 430. 

0*2. I!>id., p. 430. 

(53, ()\ven, 1852, p. 580. 

22—3482 
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Occurrence. According to Meek the species was found in the Fox 
Hills group in South Dakota and Montana. The specimen illustrated 
by Reeside came from the top of the Pierre shale at Linton, North 
Dakota. 

Discoscaphites nicolleti var, saltgrassensis Elias, n. var. 

(Plate XXXVI, figs. 3a, 3b, 3c; Plate XL, fig. 1) 

The variety dijffers from D. nicolleti as described by Meek in 
having the marginal tubercles not on every costse as shown in Meek^s 
monograph (PL 34, fig. 26).®^ On the shell of var. saltgrassensis 
the tubercles begin to appear when the radius of the volutions ap- 
proaches 15 mm. At this radius each fourth of the peripheral cost® 
has a tubercle, but soon, at about 20 mm. radius of the volutions, 
each third cost® has a tubercle, while Meek shows a tubercle on 
every peripheral costa at 23 to 25 mm. radius.®^ The number of the 
costae of the specimens as figured by Meek appears to be about the 
same as on the specimens from Wallace county. Meek does not 
give any figures for the number of the Cost® on the periphery, which 
for our variety is 10 to 11 per 1 cm. at the radius of 15 mm. and is 
about 7 per 1 cm. at the end of the next half of a complete volution 
or at about 25 mm. radius. The shape of the variety is the same as 
in the specimens figured by Meek, the periphery of the volutions 
being broadly rounded (as on Meek^s PL 34, fig. 46, and not as on 
PL 34, fig. 26, where the periphery is shown to be nearly acute at 
the end of the preserved volutions) . 

The suture of the variety differs in one respect more from that of 
D. nicolleti Meek than the latter differs from the suture of D. con- 
radi var. intermedim. The first lateral saddle of var. saltgrmsemis 
is oval in outline while this saddle has a nearly square outline in 
both D. nicolleti Meek and D. conrcdi var. intermedins Meek. In 
other words, while the three branches of the first saddles in the two 
latter types are nearly equal in height, the central branch of the 
first saddle of var. saltgrassensis is the highest, while the lateral 
branches and branchlets slope down, gradually filling a perfectly 
oval outline of the saddle (see PL XL, fig. 1, of this report). How- 
ever, this and some other minor differences in the suture of var. 
saltgrassensis are not very important and, if not supported by dif- 
ferences in the sculpture, would not justify the separation of the 
variety saltgrassensis from typical D. nicolleti, 

64. Meek, 1876. 

66. Ibid., pi. 34, fig. 26. 
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The lower stratigraphic position of the var. saltgrassensis at the 
middle of the Pierre formation is another point in favor of its separa- 
tion as a distinct variety of D. nicolleti, which belongs to the Fox 
Hills beds and to the top of the Pierre shale. 

It is interesting to add that the suture of D. nicolleti from the top 
of the Pierre at Linton, South Dakota, as figured by Reeside (1927, 
PL 9, fig. 7) is closer to that of var. saltgrassensis than to the typical 
form as shown by Meek. 

Occurrence. The variety was found in a lens of typical ‘%ucina 
limestone^^ at the top of the Salt Grass member of the Pierre in 
Wallace county in the center of sec. 2, T. 12 S., R. 42 W.; thus 
stratigraphically the variety belongs to the middle of the Pierre as 
represented in northwestern Kansas. It appears that the first ap- 
pearance of the Discoscaphites nicolleti in the Pierre of the Central 
High Plains belongs to this horizon. At the base of the Salt Grass 
member, or only about 50 to 60 feet stratigraphically below the 
beds with D. nicolleti var. saltgrassensis, the typical representatives 
of the Acanthoscaphites group, such as A. nodosus var. brevis and 
var. quadrangularis and also Acanthoscaphites (?) reesidei and 
Scaphites plenus, were collected. A small scaphite, very similar to 
var. saltgrassensis, was also collected in the “Lucina limestone” 
cores at the base of the Salt Grass member, but these specimens were 
not preserved well enough for precise identification. 

Discoscaphites conradi (Morton) 

(Plate XXXIX, figs. 9b) 

3834, Am7nonUes conradi, Morton, Synopsis of organic remains of Cretaceous group of 
the IT. S. A., p. 39, 16, figs. 1-3. 

1850. Scaphites conradi, d'Orbigny, Prodrome de Pal^on., p, 214. 

18Y1. Scaphites {Discoscaphites) coyiradi. Meek, Am. Phil, So., Proc., vol. 11, p. 420. 

1870. Scaphites (Discoscaphites) conradi. Meek, TT. S. GooL Survey Terr., Kept., vol. 9, 
p. 430, pL 36, fig. 2. 

3916. Scaphites conradi, Gardner, Maryland Geol, Survey, Upper Cretaceous, p. 383, pi. 
12, fig. 1. 

1927. Discoscaphites conradi, Reeside, U. S. Geol. Survey, Prof. Paper ISO-B, p. 28. 

A fragment which undoubtedly belongs to this form was found in 
the Beecher Island shale and identified by the writer in 1928. The 
species was recognized by the discoidal form and by the presence 
of three to four rows of nodes on the outer part of the flanks of the 
shell. These nodes were located on the costse of the outer sculpture. 
The size of the shell as judged from the fragment is suggestive of 
either D. conradi or D. cheyenmnsis of the North American Dis- 
coscaphites, while the comparative evenness of the venter resembles 
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that of former species. Among the so-far published illustrations of 
American Discoscaphites the shell from Beecher Island resembles 
most that figured by Gardner.^^^ Another fragment of a smaller in- 
dividual of D. conradi was found by the writer in 1930 and is liere 
illustrated (PL XXXIX, figs. 9a, 9b). 

Occurrence. In tlie Beecher Island member of the Pierre shale 
at Beecher Island, Colorado. The type species of D. conradi came 
from the Upper Cretaceous beds of Alabama.®^ According to Meek: 
“It also occurs at the same horizon in New Jersey,” but no 
identical or related forms have been described in comprehensive 
monographs of the Upper Cretaceous fauna of New Jersey by later 
authors.^® Stephenson records D. conradi in the Exogyra costata 
zone of the Eastern Gulf region and in the Liopistha protexta sub- 
zone at the top of Selma chalk in western Alabama and east-central 
Mississippi.'^^ 

Meek has “seen specimens of it from Saskatchewan, British 
America, in Professor Hindis collections.” The specimens described 
by Meek came from the “Fox Hills group at Fox Hills, Long Lake, 
Moreau river and near the eastern base of the Black Hills, 
Dakota ” 

Gardner described the species from the Monmouth formation of 
Maryland.'^^ According to Reeside the species occurs in the Fox 
Hills sandstone, which he compares with the Miestrichtian of 
Europe. 

Discoscaphites abyssinm (Morton) 

(Plate X.XXIX, figs. 2, 3, 4, 5, Cm, Oh, 7, 8; Plate XL, fig. 2) 

1841. Ammonites abpsslnus Morton, .Tour. Acad. Nat. Sci, Plula., vol. 8, p. 209, pi. 10, 
figure 4, 

1856. Scaphites mandancnsisf Mock and Hayden, Proc. Acad. Nat, Sei, Phila., vol. 8, 

p. 281. 

I860. Scaphites abyssinm Mock and Hayden, Proc. Acad. Nat. Bci. Pliila., vol. 12, ]>. 12tl. 

1864. Scaphites abyssinns Meek and Hayden, Smitlasonmn Clufck-Tlst of North AnierltN'in 
Cretaceous Fossils, p. 23. 

1876. Scaphites (Discoscaphites) abyssinus Meek, In\'er1,ehiale Cretaceous and Tertiaiv 
fossils of the Upper Missouri country, U. S. Gcol. Survey Terr., Pept., vol. p, p. <MI, ]tl. 
35, figs. 2a, lr> and 4. 

1927. Discoscaphites abyssinm Reeside, Scaphites, an Upper Cretac('ous Anuiiouite group, 
IT. S. Geol. Survey, Prof. Paper 150-B, pp. 27, 30. 


6G, Gardner, 1916, pi. 12. 

67. Morton, 1834, p. 39. 

68. Meek, 1876, p. 432. 

69. Whitfield, 1886 and 1892; WelUr, 1907. 

70. Stephenson, 1914, pp. 36-37. 

71. Meek, 1876, p. 432. 

72. Gardner, 1916, p. 383, pi. 11. 
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Meek gives the following definition of the species: 

short-oval, or subcircular, much compressed; inner volutions deeply 
embraced within the dorsal groove of each succeeding turn; last whorl flattened 
on the sides and periphery, having a more or less distinct siibnodose angle 
around the iiiiibiliciis, and on each side of the periphery; nonseptate portion 
short, not widened or straightened along its upper margin, and deviating so 
little from the regular curve of the inner whorls as to become but slightly 
disconnected from them at the aperture; umbilicus rather small; aperture 
oval or subcordate; surface ornamented by rather distinct, straight, or slightly 
flexuous costse, which increase chiefly by the intercalation of shorter ones 
between the longer, so as to number from two to three times as many at the 
periphery as near the umbilicus; those on the inner whorls often supporting 
some three or more rows of very small nodes on each side, in addition to the 
larger series on each side of the narrow, flattened periphery. 

“Septa divided into three or four lobes and as many sinuses on each side 
of the siphonal lobe, which is of an oblong form, being a little longer than 
wide, with two principal branches on each side, the two terminal of which are 
slender, larger than the others, nearly parallel, obscurely bifid, and provided 
with a few obtuse, short digitations or orenulations; while the lateral branches 
are short and spreading, the larger pair being merely obtusely tridentate, 
and the othei’s simple; first lateral sinus as long as the siphonal lobe, and near 
one-fourth wider, with a nearly quadrangular form, and provided with two 
large unequal, irregular branches, with short, obtusely crenate subdivisions ; 
first lateral lobe a little shorter than the siphonal, and of nearly the same 
breadth, with two branches on each side, the two terminal of which are of 
moderate length, spreading, bifid, and provided with obtusely crenate or 
dentate margins, while the two lateral branches are much smaller, directed out 
at right angles from the margins, and each obtusely tridentate at the end; 
second lateral sinus scarcely half as large as the first, and bearing two unequal, 
shortly bipartite or tripartite, deeply sinuous, and obtusely dentate terminal 
branches, and one or two unequal, short, nearly simple, lateral branchlets; 
second lateral lobe much like the first, but scarcely more than half as long 
and wide; third lateral sinus about one-third as large as the second, with two 
short, siircading, obtusely dentah?, Imininal branches; third lateral Jobe very 
small and rnei'ely obscurely bilobato at tlie end; fourth lateral sinus as long 
as the tliird latend lobe, but wider and faintly bilobate at the end; fourtii 
. lateral lobe sligid-ly wi<ier and longer than the third, but more distinctly 
trilobate at the end. 

“Length, 2.09 inches; height, 1.65 inches; convexity, 0.63 inch. 

“The angle around tlie inner side of the nonseptate part of the outer 
volution in this species is not always well marked, and varies a little in its 
distance from the umbilical margin. It is apparently always provided with a 
row of low prominences, like transversely-elongated nodes, that never exist on 
the inner volutions. The angle on each side of the narrow, flattened periphery, 
with its row of nodes, seems to be always well defined on the outer volution, 
excepting near the aperture, where both angles and nodes usually fade away 
and the cost® become finer and crowded. On the inner volutions, also, the 

7,‘C Me.L, 1870, pp. Pn, 4V2, 
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peripheral angles become obscure or obsolete, though their place is occupied 
by the rows of nodes reduced in size. The little nodes seen on the sides of 
the inner volutions, and sometimes on the inner half of the last turn, are 
placed on the costse so as to form about three, nearly equidistant, revolving 
rows on each side of the shell.” 

The specimens which were collected in the Upper Pierre shale near 
Beecher Island and in the corresponding beds in northern part of 
Cheyenne county, Kansas, are somewhat smaller than the types 
figured by Morton and Meek and are slightly different in some other 
respects, which, however, do not seem to be so important as to 
warrant separation of the form collected from these localities from 
the typical species. 

The fragment of Plate XXXIX, figure 8, represents the largest 
individual of the collection, which approaches in si25e Meek’s types, 
while the nearly complete specimen (PI XXXIX, fig. 3) is only 
slightly smaller. It is interesting to note that in both these indi- 
viduals the ^Tow prominences like transversely elongated nodes” 
(Meek) are so insignificant as to be nearly absent. However, they 
are quite prominent on smaller individuals (PL XXXIX, figs. 2, 4, 
7a). The small lateral nodes of the inner volutions seem to be 
absent in all specimens of the collection with the exception of one, 
in which only one row of lateral nodes (instead of three rows as 
according to Meek) is developed (PL XXXIX, fig. 4). However, 
the presence of lateral nodes is not a constant feature of the species. 
When comparing his material with Morton’s type Meek remarked 
that the type specimen itself '^showed none of the little nodes on the 
coste of the sides of the shell” and that ^These are not always 
present” on the material described by Meek. The suture of the 
form here described does not differ much from that shown by Meek 
for D. abyssinus (the suture of Morton’s type is unknown). The 
main features which permit classification of the specimens from 
Beecher Island shale member with Morton’s species are the general 
similarity in form and, to a certain extent, in size of the shells; the 
presence of prominent nodes on the periphery and at the umbilical 
margin of the outer volution; the change from rather prominent 
regular costae to much finer and crowded costae at the outer part of 
the aperture ; the very narrow umbilicus. The suture is quite typical 
for the species (see PL XL, fig. 2). 

, To the characterization of the species given by Meek may be 
added that the living chamber, as noted on the material here de- 
scribed, occupies a little more than one-half of a volution. 
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Distribution, In the Beecher Island shale member of the Pierre 
in sec. 8, T. 2 S.,, R. 43 W., Yuma county, Colorado, and in the 
corresponding beds in NE% sec. 9, T. 2S., R. 42 W. and in NE% 
sec. 5, T. 1 S,, R. 39 W. of Cheyenne county, Kansas. 

According to Meek the specimens from Moreau river, South 
Dakota, belong to the ^‘Fox Hills group.’^ 

Subfamily Placenticeratin^ 

Genus Placenticeras Hyatt 
Placenticeras meeki Boehm 

(Plate XLT, figs, la, Ib, 2 ; Plate XLII, figs, la, lb) 

1870. Placenticeras placenta. Meek, U. S. Geol. Survey Terr., vol. 9, p. 465, text fig. 6.5; 
pi. 24, fig. 2. 

1898. Placenticeras mceki Boehm, Deutsche Geol. Gesell. 22eitschr., vol. 50, p. 200 (foot- 
note). 

1003. Placenticeras whitficldi Hyatt, U. S. Geol. Survey, Mon. 44, p. 221, pi. 45, figs. 
8-16; pi. 46; pi. 47, figs. 1-4. 

1010. PlacenticcraH whifefieldi Grabau and Shimer, North American Index Fossils, p. 218, 
figs. 1493, 1494. 

1927. Placenticeras 7neeki, Reeside, U. S. Geol. Survey, Prof. Paper 151, p. 20, pi. 22, 
figs. 5-7; pL 23; pi. 24; pi. 25, fig.s. 1-2. 

This large Placenticeras is common in the Pierre of Wallace 
county, where no other species of the genus have been found by the 
writer. The species was recognized by its large size, smooth non- 
tiiberciilate sides, compressed volutions, venter narrow in youth and 
moderately rounded in old age, narrow umbilicus and a very typical 
suture. For the detailed characteristics of the species see Hyatt 
and Reeside.'^*^ 

The remains collected in Wallace county represent shells of large 
to very large size. A nearly complete shell (PL XLI, figs, la, lb, 2 
and PL XLII, figs, la, lb) approaches 18 inches in diameter witli 
part of tlie living cluimber preserved. The living chamber shows 
broadly urululated venter (PL XLII, fig. la). 

Some fragments from Wallace county, which seem to belong to P. 
meekiy indicate that the species attained as large a size as 3^/^ feet 
in diameter. 

Occurrence. In the lower and upper Weskan shale member and 
in the lower part of Lake Creek shale member of the Pierre in 
Wallace county. According to Reeside this species “has been 
found widely distributed in the Pierre shale and equivalent forma- 
tions of the Western Interior province of the American Cretaceous.” 


74. Hyatt, 1903, p. 221. 
7,5. Reeside, 1927, p. 29. 
76. lUjcside, 1927, p. 30. 
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EXPLANATION OF PLATES 


PLATE XXVIII 

Fig. 1. Baculites co77ipressus var. reesidei Elias, n. var. Side view. Natural 
size. For cross section and suture of this specimen see PL XXXIII, figs. 
2b, 2c. From Lake Creek shale member, Pierre formation, center sec. 35, 
T. 11 S., R. 39 W., Wallace county, Kansas. 

Fig. 2. Baculites pseudovatus var. A Elias, n. var. Side view of holotype. 
Natural size. For cross section and suture of this specimen see PL XXXIII, 
figs. 5a, 5b. From Baculites zone of Salt Grass shale member, Pierre forma- 
tion, E. sec. 2, T. 12 S., R. 42 W., Wallace county, Kansas. 

Fig. 3. Baculites compressus var. corrugatus Elias, n. var. Side view of type 
specimen. Natural size. For cross section and suture of this specimen see 
PL XXXII, figs, la, lb, Ic. From Lake Creek shale member, PieiTe formation, 
SE% sec. 29*, T. 11 S., R. 39 W., Wallace county, Kansas. 

Fig. 4. Baculites compressus Say (in restricted sense). Side view. Natural 
size. For cross section and suture of this specimen see PL XXXII, figs. 4a, 
4b, 4c. From basal part of Lake Creek shale member, Pierre formation, 
W. sec. 7, T. 12 S., R. 38 W., Wallace county, Kansas. 
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PLATE XXIX 

Frcus. la, lb. BactiUlefi ■pseudovntu.'^ Elias, ii. .sp. Colypo. RcidiKUHi to 1/f^. 
From upper Wosskan shale member, Pierre formation, NWEi. see. 18, T. 13 S., 
R. 41 W., Wallace county, Kansas, la, side view; lb, siphonal \'iow. For 
cross section of this specimen see PL XXXIII, fig. 4h. 

Fiq. 2, BacAdites pseudovaiu.^ Elias, n. s]i. Cotype. Natural size. From 
same locality. For suture and cross section of this specimen see PI. XXXIII, 
figs. 4a, 4b. 

Fig. 3. cf. Discoscaphitefi cons I vie I us var. tenuistriatns (Kner). Natural size. 
From upper half of Lake Creek shale member, Pierre formation, NEP/i NEYt 
sec. 8, T. 11 S., R. 38 W., Wallace county, Kansas. 
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PLATE XXX 

Fig. 1. Baculites clinolobatus Elias, n. sp. Cotype. Side view. Reduced 
%. For suture and cross section of this specimen see PL XXXIV, figs. 2a, 2b. 
From Beecher Island shale member, Pierre formation, one-half mile northeast 
of Beecher Island, Yuma county, Colorado. 

Fig. 2. Bacndites cUnolohatus Elias, n. sp. Cotype. Side view. Reduced %. 
The fragment represents younger stage of the species. Found close to the 
specimen illustrated on figure 1, 

Fig. 3. Baculites compressus var, corrugatus Elias, n. var. Side of non- 
septate portion of a large individual Reduced V 2 . From upper part of Lake 
Creek shale member, Pierre formation, NW^ SW% sec. 5, T. 13 S., R. 41 W., 
Wallace county, Kansas. 

Figs. 4a, 4b. Baculites meeki, n. sp. Holotype. Natural size. From 
Beecher Island shale member, Pierre formation, 2 miles northwest of Beecher 
Island, Yuma county, Colorado. 4a, side view; 4b, cross section. 
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PLATE XXXI 


Figs, la, lb. Bacidites grarulw Hall and Meek. Reduced %. From Beecher 
Island shale member, Pierre formation, 1 mile northwest of Beecher Island, 
Yuma county, Colorado, la, side view; lb, siphonal view. 

Figs. 2a, 2b. BacuUtes grandk, Hall and Meek. Reduced Va- From Beecher 
Island shale member, Pierre formation, Hackberry creek, Cheyenne county, 
Kansas, 2a, side view; 2b, antisiphonal view. For sutures and cross section 
of this specimen see PI. XXXIV, figs. 5a, 5b, 5c. 

Fig. 3. Baculites compressus cf. var. reesidei Elias, n. \'ar. Reduced %, 
Side view. From Lake Creek shale member, Pierre formation, center sec. 35, 
T. 11 S., R. 39 W., Wallace county, Kansas. 
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PLATE XXXI 
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PLATE XXXII 

Figs, la, lb, Ic. Baculites coynpressus var. cornigatus Elias, n. var. Holo- 
type. Natural size. From Lake Creek shale member, Pierre formation, SElVj. 
sec. 29, T. 11 S., R. 39 W., Wallace county, Kansa.s. la, sutures; lb, siphonal 
margin; Ic, cross section. 

E'igs. 2a, 2b, 2c, Baculites conipressus var. reeddei Elias, n. var. Type. 
Natural size. From I^agle sandstone in sec. 34, T. 16 N., R,. 28 El., EVrgus 
county, Montana. After J. B. Reeside, 1927, PI. 9, tigs. I, 5. 2a, suture; 2b, 
siphonal margin (modified after Reeside’s photograph) ; 2t;, (‘ross sections. 

Figs. 3a, 3b. Baculites compressus bay (in restricted sense). EToin Piei're 
formation in Tipper Missouri exposures. After F. B. Meek, 1876, PL 20, figs. 
30a, 30c. Suture reduced by the writer to suit the cross section, which is 
natural size. 

Figs. 4a, 4b, 4c. Baculites coynpressus Say (in restricted sense). Natural 
size. From basal part of Lake Creek shale member, Pierre formation, W. 
sec. 7, T. 12 S., R. 38 W., Wallace county, Kansas. 4a, suture ; 4b, siphonal 
margin; 4c, cross section. 

Figs. 5a, 5b. Baculites compressus Say (in restricted sense). Natural size. 
From upper part of Lake Creek shale member, Iherre formation, in NWl/i 
SWFi sec. 5, T. 13 S., R. 41 W., Wallace county, Kansas. 5a, suture; 5b, cross 
section. 
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PLATE XXXiri 

Figs, la, lb. Baculites conipresms cf. var. rcesidei Elias, ii. var. Natural 
size. From Lake Creek shale member, Pierre formation, center sec. 35, T. 11 S., 
R. 39 W., Wallace county, Kansas, la, suture; lb, cross section. 

Figs. 2a, 2b, 2c. Baculites co^npressus var. reesidei Elias, n, var. Natural 
size. From Lake Creek shale member, Pierre formation, ceni.er sec. 35, T. 11 S., 
R. 39 W., Wallace county, Kansas. 2a, sutures; 2b, siphonal loarj^in; 2c, cross 
section. 

Figs. 3a, 3b, 3c. Baculites ovatus Say. Natural size. 3a, 3b from Ifagle 
sandstone, near top, in see. 34, T. 16 N., R. 28 E., Fergus county, Montana. 
3c from Elk Basin sandstone member of Telegraph Creek formation in T. 
57 N., R. 98 W., Park county, Wyoming. After J, B, Reeside, 1927, PI. 7, 
%s. 3, 5, and PL 6, fig. 3. 

Figs. 4a, 4b. Bacidiies pseudovatus Elias, n. sp. Cotypes. Natural size. 
From upper Weskan shale member, Pierre formation, NW14 sec. 18, T. 13 B., 
R. 41 W., Wallace county, Kansas. 4a, suture; 4b, cross sections of two 
specimens. 

Figs, 5a, 5b. Baculites pseudovaius var. A Elias, n. var. Holotype. From 
Baculites zone of Salt Grass shale member, Pierre formation, E. sec. 2, T. 12 S. 
R. 42 W,, Wallace county, Kansas. 5a, suture; 5b, cross section. 
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PLATE XXXIV 

Figs. 1, 2a, 2b. Baculites clinolobatus Elias, n. sp. Cotypes. Natural size. 
From Beecher Island shale member, Pierre formation, one-half mile noriheast 
of Beecher Island, Yuma county, Colorado. 1, sutures; 2a, sutures of an- 
other specimen; 2b, cross sections of the latter. 

Fig. 3. Baculites anceps var. leopolmisis Novak. Natural siz(\ Suture 
after Novak, 1908, p. 331, fig. 10. 

Fig. 4. Baculites grandis Hall and Meek. Suture of large! individual. 
Natural size. From Beecher Island shale member, Pierre formation, one-half 
mile northeast of Beecher Island, Yuma county, Colorado. 

Figs. 5a, 5b, 5c. Baculites grandis Hall and Meek. Natural size. From 
Beecher Island shale member, Pierre formation, Hackberry creek, Clieyemie 
county, Kansas. 5a, 5b, sutures of younger stages of tlie shell; 5c, cross 
sections of various stages of growth of the shell. Note: Tlie larger cross 
section belongs to the specimen illustrated on PI XXXI, figs, la, lb. 
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PLATE XXXV 

Figs, la, lb. Baculites cf. psendovaiiis Elias, n. sp. Natural size. From 
Bacuiites zone, Salt Grass shale member, Pierre formation, SWyi sec. 6, T. 
13 S., R. 41 W., Wallace county, Kansas, la, sutures; lb, cross section* 

Figs. 2a, 2b. Baculites compi'cssus cf. var. Tcesidei, Elias, n. var. Natural 
size. From basal part of Salt Grass shale member, Pierre formation, NWU 
N"E% sec, 3, T. 12 S., R. 42 W., Wallace county, Kansas. 

Figs, 3a, 3b. Baculites ovatus var. haresi Reeside. Natural size. From 
Cody shale, 250 feet below top, in NE^A SW% sec. 5, T. 60 N., R. 92 W., Big 
Horn county, Wyoming. After J. B. Reeside, 1927, PI. 6, figs. 9, 10. 

Figs. 4a, 4b. Baculites ovatus var. haresi Reeside. Natural size. From 
basal part of Lake Creek shale member, Pierre formation, S. sec. 15, T, 12 S, 
R. 38 W., Wallace county, Kansas. 4a, suture; 4b, cross section. 

Figs. 5a, 5b, 5c, 5d, 5e. Baculites coinpressus cf. var. corrugatm Elias, ii, var. 
Different stages of growth of a young shell. From basal part of Salt Grass 
shale member, Pierre formation, NW% NE% sec. 3, T. 12 S., R. 42 W., Wal- 
lace county, Kansas. 5a, cross sections, natural size. 5b, 5c, sutures, natural 
size; 5d, 5e, sutures, magnified 3 times. Note: The four sutures corr(?si>ond 
to the four cross sections of figure 5a. 
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PLATE XXXVI 

Figs, la, lb, Ic. Scapkites plenm Meek. Front, side and rear viciws. Nai- 
iiral si55e. From Pierre formation of Black Hills. 

Figs. 2a, 2b, 2c. Scaphites plemis Meek. Rear, side and front views. Nat- 
ural size. From basal part of Salt Grass shale inernber, SWd4 SWt4 s(‘c. 16, 
T, 13 S., R. 41 W., Wallace county, Kansas. 

Figs. 3a, 3b, 3c. Discoscaphiies nicolleli var. saltijrasscmla Elias, n. var. 
Front, rear and side views. Very slightly enlarged. From basal part of Salt 
Grass shale member, SEVt sec. 2, T. 12 S., R. 42 W., Wallace county, Kansas. 
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PLATE XXXVII 

Figs, la, lb, Ic. Scaphites plenus Meek, Back, side and front views. 
Natural size. From Pierre shale of western South Dakota. 

Fig. 2. Acanthoscaphites nodosm var. brevis Meek. Imperfect specimen in 
rock. From basal part of Lake Creek shale member, Pierre formation, 

NEy 4 sec. 8, T. 13 S., R. 41 W., Wallace county, Kansas. 

Fig. 3. Acanthoscaphites nodosm var. quadrangidaris. Fragment of an 
adult shell. Natural size. Upper part of Lake Creek shale member, sec. 12, 
T. 12 S., R. 39 W., Wallace county, Kansas. 
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PLATE XXXVH 
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PLATE XXXViri 

Figs, la, lb, 2. AimithoscapkUes uodosu,^ Bay (in mstridtod H(‘ns(‘). Blij^htly 
reduced. From upper part of Upper Weskan shale membfjr, Pii'rre formaiion, 
]SfE% sec. 8, T. 13 S., R. 41 W., Wallace county, Kansas, la., side view; ll), 
rear view; 2, side of internal volution of the same siiecimen. 

Fic;, 3. Acmiihosc(q)hiteii nodoms Say (in restricted st'ns(‘). Slia’htly reduccai. 
From middle part of Lake Creek shale member, Pierre formation, N. sim*. 13, 
T. 13 S., R. 41 W. 
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PLATE XXXIX 

Figs, la, lb, Ic. Scaphites plenus Meek. Internal volution of the specimen 
illustrated on PI. X, figs, la, lb, Ic. Magnified 4/3. 

Figs. 2-5, 6a, 6b, 7, 8. Discoscaphites abyssinus (Morton). Natural siiae, 
except fig. 5, which is magnified 2 times. From Beecher Island shale member, 
Pierre formation. 2, 3, 5, 7, 8, from 2 miles northwest of Beecher Island, Yuma 
county, Colorado. 4, from NE% sec. 9, T. 2S., R. 42 W., Cheyenne county, 
Kansas. 6a, 6b, from sec. 5, T. 1 S., R. 39 W., Cheyenne county, Kansas. 

Figs. 9a, 9b. Discoscaphites conradi cf, var. gulosus (Morton). From 
Beecher Island shale member, Pierre fonnation, 2 miles northwest of Beecher 
Island, Yuma county, Colorado. 

Fig. 10. Discoscaphites cf. constrictns var. tenuistnatus (Kner). Natural 
size. From Upper Weskan shale member, Pierre formation, center sec. 18, T. 
13 S., R. 40 W., Wallace county, Kansas. 
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PLATE XXXIX 
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PLATE XL 

Fig. 1, Discoscaphites nicolleti var. saltgrassensis Elias, n. var. Suture of 
the specimen illustrated on PL XXXVI, figs. 3a, 3b, 3c. Magnified 3 times. 

Fig. 2. Discoscaphites abyssinus Morton. Suture of the specimen illustrated 
on PI. XXXIX, fig. 5. Magnified 2 times. 

Fig. 3. Scaphites plemis Meek. Suture of the specimen illustrated on PL 
XXXVI, figs, la, lb, Ic. Slightly reduced. 

Fig. 4. Scaphites plemis Meek. Suture of the specimen illustrated on PL 
XXXVII, figs, la, lb, Ic. Slightly reduced. 

Fig. 5. Scaphites plenus Meek. Suture of the specimen illustrated on PL 
XXXVI, figs. 2a, 2b, 2c. Magnified 3 times. 

Fig. 6 . Scaphites plenus Meek. Suture of the holotype after Meek. Prob- 
ably somewhat magnified. 

Fig. 7. Schematic sketch of a suture of Baoulitcs cornprcssus and allied 
species. SL, Siphonai lobe ; IL, 1st lateral lobe ; 2L, 2d lateral lobe ; AL, anti- 
siphonai lobe ; SS, siphonai saddle ; IS, 1st lateral saddle ; 2S, 2d latc'nil sa,ddle ; 
3S, 3d lateral saddle; a, stemlike body supporting the terminal branclies of 
the Ist lateral lobe; b, median saddle of the siphonai saddle. 
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PLATE XLI 

Figs, la, lb, 2. Placenticei'as meeki Boehm. liediiced ^ 12 . From basal part 
of Upper Weskaii shale member, Pierre formation, SWVt- NWUi- sec. 18, T. 13 
S., R. 41 W., Wallace county, Kamsas. la, lb, side and dorsal voiws of s(\plate 
volution. 2, side view of inner volution. 

Fig. 3. Acanthoscaphites nodosus var. brevis Meek. Reduced %. Sidt' \ iew. 
From lower part of Lake Creek shale member, Pierre formation, SEl-i s('(‘. 33, 
'r. 11 8., R. 39 W.. Walh ee ccimty, Kansas. 
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PLATE XLI 
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PLATE XLII 

Figs, la, lb. Placenticeras meeki Boebm. Part of living chamber which 
overlaps umbilicus. Reduced From basal part of Uppei* Weskan shale 
member, Pierre formation, SW% NW% sec. 18, T. 13 S., R. 41 W., Wallace 
county, Kansas, la, side view; lb, dorsal view. The septate volution of this 
specimen, which is here overlapped by living chamber, is illustrated on PI. 
XLI, figs, la, lb. 

Fig. 2. Heteroceras tortum Meek and Hayden. Natural size. From top 
of Sharon Springs shale member, Pierre formation, sec. 2, T. 14 S., R. 40 W,, 
Wallace county, Kansas. 
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A New Megasecopteron from the Carboniferous of 

Kansas 

By F. M. CARPENTER 


Ajbstiuot : The order Megasecoptera has previously been represented in the 
American Carboniferous by only two fragmentary wings of doubtful affinities. 
A new fossil, Pamhrodia carboniara, n. sp., found in the Upper Carboniferous 
of Garnett, Kan., and belonging to a new family, Parabrodiidse, is a typical 
member of the order, closely related to the European Brodia. The type is in 
the Geological Museum of the University of Kansas. 


Carboniferous members of the extinct order Megasecoptera 
are laiown almost exclusively from European deposits. Only 
two fossils ^ from the North American Carboniferous can be fitted 
into the order, and both of these are so fragmentary and aberrant 
that they were placed there only tentatively by Handlirsch, But 
a new fossil, recently found by M. K. Elias in the Carboniferous 
of Kansas, consists of a nearly complete wing typical of the Euro- 
pean Megasecoptera of this horizon. To Mr, Elias and the author- 
ities of the Geological Department of the University of Kansas I 
am indebted for the opportunity of studying this insect. 

As we might expect from its unique geographical position, the 
fossil belongs to a new family; 

PARABRODIIDiE', New Family 

Allied to the family Brodiidse, from the English Carboniferous 
(Westphalian), but differing in the possession of a definite coales- 
cence of MA with Rs. 

1. Raphidiopsis divenipmna Scud., from Rhode Island, and Prochoroptera calopteryx 
ITiuidl., from Mazon creek, Illinois. 


( 365 ) 
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PARABRODIA, New Genus 

Medium-sized insects; wings slender, probably siibpetiolate ; Sc 
extending well beyond the middle of the wing; Rs arising about the 
middle of the wing, almost immediately coalescing witli MA; Rs 
2-branched; M free from R at the base of the wing; MA un- 
branched; MP forked; Cul and Cu2 unbranched; Cul probably 
coalescing with M at the base of the wing. 

Genotype : Parabrodia carbonana n. sp. 

Parabrodia carbonaria n. sp. 

(Figure 1) 

Length of wing, 24mm.; width, 7 mm.; apex pointed; Sc straight; 
R with a slight bend at the origin of Rs; Rl remote from the margin 
of the wing distally ; MA fused with Rs for a distance about as long 
as its free part proximad of the coalescence; MP diverging apicailly 
of the origin of Rs and proximad of the divergence of MA from Rs ; 
Cul, Cu2, and lA nearly parallel. No cross veins are preserved. 

Holotype. In Geological Museum, University of Kansas; col- 
lected by M. K. Elias, six miles northwest of Garnett, Kan.^ Horizon 
is the late middle Pennsylvanian. 



The wing is preserved on a large slab of light-brown sliale, con- 
taining remains of Walchia and other plants, one of which overlies 
a part of the anterior margin. The veins are only faintly preserved, 
and in making the accompanying figure I have used to advantage! 
an excellent photograph provided by Mr. Elias. 

As I have mentioned above, Parabrodia is 'especially interesting 
because it is the first typical Megasecopteron to be found in a satis- 
factory state of preservation in the Carboniferous of North America. 

2. locality is mentioned in the abstract “Conifer Forest of Late Midcllo Pt'niisylvania 
Time, by Mr. Elias, published in the Proceedings of the I^’nlcontoloKka! Society; Hull (Seal. 
Soc. Amen, 43:285; 1932. 
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The shape of the wing is closest to that of the members of the family 
Brodiidm, but in the latter the anterior media (MA) does not quite 
coalesce with Rs, and the radial sector (Rs) has five branches. If 
my interpretation of the formation of Rs, i. e., its division into 
R2 + 3 and R4 -f 5, is correct, then the structure of the vein ap- 
proaches that of Raphidiopsis and the Permian Protohymenoptera. 
But, unfortunately, the convexity and concavity of the veins are not 
preserved, and it is possible that the vein which I have named MA 
really consists of a compound vein formed by the fusion of MA and 
R4 -f- 5, and that the independent branches of Rs are R2 and R3. In 
either case the venation as a whole could easily be derived from 
that of the Brodiidse or some closely related family. 
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Comparative Anatomical Research Within the Genus 

Ribes * 

JAMES C. BATES 


Abstkact: The results obtained from a detailed anatomical and histological 
study of fifteen species of Ribes are summarized and some conclusions drawn 
as to their probable genealogical relationships. 

The species showed considerable differences in the following features: 
Amount and distribution of trichomes of the leaf epidermis; absence or 
presence of glands and kinds of glands; shape of leaf epidermal cells; shape 
of leaf tip; margin and midrib; number of layers of palisade cells; number 
of vascular bundles entering the petiole; presence or absence of trichomes of 
the stem epidermis; presence or absence of bast fibers in the petiole; stem 
armed or unarmed; shape and size of stem epidermal cells; ciitinization of 
radial walls of stem epidermal cells; kinds of collenchyma; number of rings 
of peridermal tissue in the two years’ growth; number of protoxylem points; 
length of xylem elements; and the distribution of starch, tannin and cluster 
crystals of calcium oxalate in the tissues of the stem and leaf. 

Suggestions as to the genealogical relationships of the fifteen species are 
based on their similarities and differences in anatomical structure and cell 
contents. Some of the highest degrees of anatomical relationship found were 
between American and European species, and some of the lowest between sonu*. 
American species and between American and European species. 

The paper includes 8 tables, five plates and 1 figure. 


INTRODUCTION 

T he writer has attempted to summarize the results obtained 
from a detailed anatomical study of the following fifteen 
species of Ribes^ and to offer a few suggestions as to their probable 
genealogical relationships: B. aureum Pursh., R. alpinmn L.^ R, 
americmum Mill, R. cynobmti L., R. diaoantha Pall, R. fasdaii- 
Latum Sieb. & Zucc., R. hirtellum Michx., R. holosericemn Otto & 

^ This work was carried out in the Botany Department of the University of Kansas under 
the direction of Prof. W. C, Stevens. The writer desires to make his appreeiative acknowl- 
edgment to Professor Stevens for his help and (‘ncouragement during the preparation of the 
work here presented. 
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Dietr.j R. luridum Hook. f. & Thoms., R. missouriense Nutt., R, 
Nigrum L., R. mtivum Syme., R, stenocarpmn Maxim., R, tenue 
Jancz., and J2. vHmorini/i Jmcz. 

These species, brought together from their native places in differ- 
ent parts of the earth, were growing in the Arnold Arboretum, 
Boston, and the differences which they show are therefore inherent 
and not due to the influence of different environments. This is con- 
sidered a vital fact for this research. 

SUMMARY OF PUBLISHED ANATOMICAL RESEARCH 

A comparatively small amount of anatomical work on Ribes has 
been published by Petit, Reinke, and Holle, and summarized by 
Solereder (1908) in his “Systematic Anatomy of the Dicotyledons,^^ 
VoL I. 

According to Holle (1893) the cuticle is thin in all species of Ribes 
examined. The hairs are long, simple, and conically pointed. 

Solereder claims the unicellular trichomes are not calcified and 
that external glands liave been observed only on the leaves of the 
genus. The glandular trichomes on the leaf and stipules of Ribes, 
according to Solereder, are shaggy hairs with a multiseriate stalk of 
variable length and a spherical or peltate head, the center of which 
is occupied by isodiametric cells, while the epidermal cells are elon- 
gated radially like a palisade. 

According to Holle the glandular hairs differ in various species 
and are divided by him into two classes: (a) Wedge-formed glandu- 
lar hairs with a rounded multicellular head and a ratlier long, 
several-celled stalk. In this group he includes R. alpimmi, R, 
auremn, R, cynobasti, and i?. fasciculatum. (6) Sessile glands witli 
a relatively large multicellular head on a short multicellular stalk 
submerged in the epidermis. In tliis group he includes R. ameri- 
canum and R, nigrum. 

The spines of the species of Ribes are, according to Delhi’oucik 
(1875), essentially periblem structures. 

Occasionally the leaf-teeth in species of Ribes liavc a glaialular 
function, according to Reinke (1876). 

Holle (1893) attributes the following features to Ribes: Epi- 
dermal cells with mostly straight side walls, as seen in surface view; 
the possession of fairly small pairs of guard cells of nearly (arcular 
outline and always surrounded by many associate cells ; from one to 
three layers of palisade cells; the larger vascular bundles in the 
leaf with mostly thin-walled strengthening tissue extending to the 
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epidermis of both surfaces; and isolated sclerenchyma fibers entirely 
lacking in both leaf and stem. 

According to Petit (1887), all investigated species of Bibes have 
three vascular bundles pass into the petiole. 

The following account of conditions found in the cortex, phloem 
and xylem are given by Holle. 

Cortex. The two to three outer layers of the primary cortex ai'e 
thickened collenchymatously, the walls of the outer layer becoming 
thickened all around. Aside from collenchyma this genus is lack- 
ing in all sclerotic elements in both primary and secondary cortex, 
unless some walls of the cork cells become sclerotic. Very charac- 
teristic also are the tangential rings and bands of cells, radially one 
cell broad, bearing small rosette crystals. Also in the primary cortex 
and pith of this genus are rosette crystals of considerably larger size. 
The contents of the cortical parenchyma cells are often brown in 
color and possessed of tannin, especially in the outer cortex layers 
of Ribes, Cork originates in the innermost part of the cortex, and 
the cork cells are somewhat radially elongated. 

Phloem. In the phloem am one to four regular transverse rows of 
contiguous, small cluster crystals, the number of rows being charac- 
teristic of the species. 

Xylem. The medullary rays reach as high as seven cells in 
breadth. The elements of the tracheal tubes have in the end walls 
scalariform perforations with few thick strips. The wall of a vessel 
where it is in contact with the parenchyma of the medullary rays 
bears bordered pits only. The wood prosenchyma, which mostly 
has thick walls, bears bordered and simple pits. The lumen of the 
simple-pitted wood fibers in Ribes is septate, 

Holle (1893) divides the species into two classes and gives some 
of their distinguishing characteristics as follows: 

(a) With Stalked Glandular Hairs. R, aljnnum L. (Fursten- 
stein, ex Herb. G. A. PritzeL) Epidermal cells with undulating side 
walls. Palisade tissue one-rowed. Cluster crystals in the palisade 
tissue. Three to four regular transverse rows of cluster crystals in 
the phloem. 

R. aureum H. (Hori. Botan. Monac.) Upper epidermal cells with 
straight side walls, somewhat bulging outward. Palisade tissue two- 
to three-rowed. Cluster crystals few in the leaf. An almost con- 
tinuous row of cluster crystals in the phloem, and outside this are 
sometimes groups of a second row. 

R. ctjnobasti L, (Ohio; Doctor Frank.) Epidermal cell with un- 
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diilating side walls. Palisade tissue one rowed. Only oiie^ often 
interrupted, regular transverse row of cluster crystals in the pliloem. 

R, fasdculatmn S. et Z. Leg. (Burger, Japan.) Four to five 
almost continuous rows of cluster crystals in tlie phioeni. 

(6) With Sessile Glandular Hairs. B, americanimi Mill. 
(Americ. Septentr, Ehrliard, Select. 14.) Epidermal cells wiili mi" 
dulated side walls. Stomata oval. Only the larger vascular bundles 
are extended from surface to surface by weak strengthening tissues. 
Palisade tissue in one row. Spongy parenchyma compact. One to 
two almost uninterrupted rows of small cluster crystals in the 
phloem. 

R, nigrum L. (In Silva Caspat. Comm., Kitaibel.) This is dis- 
tinguished from R, multiflomm in that only isolated groups make 
up the two rows of cluster crystals in tlie pliloem. 

SUMMARIZED DISCUSSION OF MICROCHEMICAL TESTS 
IN STEMS, PETIOLES AND MIDRIBS 

The distribution of starch, tannin and cluster crystals of calcium 
oxalate in the tissues of the stem, petiole, midrib and blade are 
given in Tables I, II and III. These substances are represented 
by the symbols s, t and respectively, and their relative abundance 
is shown by the number of symbols occurring together. Tims: ‘‘s" 
represents a small amount of starch, “ss” a moderate amount, and 
''sss’' an abundance of starch. The figures in the third column of 
Table I indicate the number of transverse rows of cluster crystals 
of calcium oxalate in the phloean. 
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TABLE I. — Showing the distribution of starch, tannin and cluster crystals of calciuiii oxalate, 

in the tissues of the stem. 



Phello- 

derm. 

Inner 

Cortex. 

PhloLun. 

Xylom 

rays. 

Xv'lern 

Par. 

Pitll. 







sss 


tt 

tt 

tt 

tt 


t.t 
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ttt 
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ttt 

R. a ureum 
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88 

as 

.8 
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ttt 
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ttt 

ttt 

ttt 
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ttt. 

R, americanum 
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.SS.S 


ttt 

t.tt 

ttt 

ttt 


ttt 
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** 
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R. alpinum 

888 

88.S 

888 

888 

s 

S8a 


ttt 

ttt 

t,tt 

ttt 


ttt 




*3-4 




R. sativum 

S88 

S8S 
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sss 
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ttt 


ttt 



* 
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R,. luridum 
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8 
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tt 
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TABLE' ll.—rfhowing the distribution of starch, tannin and cluster crystals of cah-ium oxidate 
in the tissues of the petiole. 



When tannin and starch are present, tliey are always found in the 
phelloderm and pith and nearly always in the inner cortex, phloem, 
and phloem and xylem rays. These two substances are (piite uni- 
formly distributed througliout the pitli cylinder, witli tlie (‘xectption 
of R, missourieme, whicli has a larger ainouiit of stai^idi in (lie 
peripheral pith cells. These two suhvstances, wlicn l)oth iirescmt, 
are usually found occurring togetlier within tlic cell. A siriall 
amount of starcli is found in i'hc xylem paromdiynia c‘el!s of /A 
aurern^ R, alpimmi^ R. nm,^ouruyme^ and a relatively !arg(i amount 
in R, fascuyulatvnk Cluster (‘.rystals of calcium axaJate were roiiiid 
scattered throughout tlic cortex and pitli, and in rc'giilar (ra,nsvm‘se 
rows in the phloem of the majority of speides studied. Tannin is 
always present, and starch is found in all sixicies t'xeept R. i<tr.no- 
oaip>um and R. hirtellum, but varies in amount in tlic (lilferc‘ii(, 
species. Table III sliows that both tannin ami starch iimy lie 
present in abundance; either may be in excess of the other, or tannin 
may be present in small or moderate amount witli starcli aljsent. 
Thus the different species may be grouped according to their taniiin 
and starch content as follows: (1) Abundance of liotli tannin and 



Bates: SxtrDY of the Genes Ribes 


375 


TABLE III. — Showing the distribution of starch, tannin and cluster crystals of calcium oxalate 
in the tissues of the midrib and blade. 



Midrib. 

Mesophyll. 

Epidermis. 

Paren- 

chyma. 

Phloem. 

Xylem. 

Palisade. 

Spongy. 

R. hol(m‘riceum 

tt 

tt 

tt 

tt 

tt 

tt 

R. tenue 

tt 

t 

tt 

tt 

tt 

tt 
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tt 

tt 

tt 

tt 

tt 

tt 


tt 


tt 

tt 


tt 

R. arnericayium 

tt 

tt 

tt 

tt 

1 tt 
tt 

tt 

R. niqrum 

tt 

tt 

tt 

tt 

tt 

tt 

R. fasciculatufn 


ss 

8B 

ss 

ss 

8S 


tt 

tt 

tt 

tt 

tt 


R. alpinum 

tt 

tt 

tt 

tt 

tt 

tt 

R. sativum 

tt 

t 

tt 

tt 

tt 

tt 

R. lur idum 

t 

t 

tt 

tt 

tt 

tt 

R. stenocarpum 

tt 

tt 

tt 

tt 

tt 

tt 

R. nlnwrimi 

tt 

tt 

tt 

tt 

tt 

tt 

R. rnissouriense 

tt 

tt 

tt 

tt 

tt 

tt 

R. cpnohasti 

t 

t 

tt 

tt 

tt 

tt 

R. hirtelluni 

t 

t 

tt 

tt 

tt 

tt. 






5|C 










starcli, B, aureurrij R>. diaoantha, R, americamim^ R. nigrum, R, ul- 
pinum, and i2, sativum^; (2) abundance of tannin and a moderate 
amount of starch, B. tenue; (3) abundance of tannin and a small 
amount of starch, R. luridum, R. vilmorinii, and B. cynobasti; (4) 
moderate amount of tannin and abundance of starch, R. holoseri- 
ceim and R, 'missouriense ; (5) small amount of tannin and abun- 
dance of starch, R. jasdmlatum; (6) a small to moderate amount of 
tannin with starch absent, R. stenomTpum and R, JiirtGlhmi. The 
distribution of starch and tannin in the petiole and midrib is given 
in Tables 11 and HI, only two classes of frequency being indicated. 
Table II shows for the petiole that starch was found only in the 
cortex, phloem, and xylem of four species: R, aure/um, R, nnieri- 
oammi, R. nignm, and R. fasdculatum. Tannin is always present 
in the epideraiis, cortex, phloem, and xylem rays and 'usually in 
the bast fibers, the amount varying somewhat in the different species. 
Relatively small amounts of tannin were found in R. fasdculatum, 
R. sativum, E. stenocwyim, and R. vilrnoriniL The remaining 
species contained relatively large amounts of tannin in the phloem 
and xylem; however, the amount was small in the epidermis, cortex, 
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and bast fibers of some species. Cluster crystals of calcium oxalate 
were found in the cortex of R. temie and B. alpmmi. Starch was 
found in the midrib and mesophyll of R. cmreum and R. fascicula- 
tvm. All of the tissues of the leaf contained relatively large quanti- 
ties of tannin. Cluster crystals of calcium oxolate were found in the 
palisade tissue of R. holosericeum and lA hirtelkim. 

Tests were made, also, for sugar, glucosides, protein, volatile oils, 
resins, calcium carbonate, and mucilage, but only negative results 
were obtained. 

SUMMARY OF STEMS 

The following features are common to the stems of all of the fif- 
teen species studied: The outer wall of each epidermal cell is cuti- 
nized and projecting. The epidermal cells are elongated vertically, 
but vary considerably in the amount of elongation in the different 
species; radial walls are straight and pitted (Plate XLIII, figs. 
14-28). The absence of both endodermis and bast fibers. The 
formation of cork within the innermost part of the cortex, and the 
sloughing off of the epidermis and outer part of the cortex soon 
after their formation. A relatively small amount of phloem con- 
sisting of phloem parenchyma, sieve tubes, and companion cells. 
Protoxylem points project into the pith cylinder, giving it a stellate 
appearance as seen in cross section (Plate XLIV). The protoxylem 
consists of tracheal tubes with spirally thickened walls. The 
metaxylem is composed of tracheal vessels with bordered pits and a 
small amount of xylem parenchyma. The secondary xylem has 
fiber tracheids and wood fibers, in addition to the elements found in 
the metaxylem, and its elements are radially arranged. Xylem ele- 
ments from 1-10 rows wide alternate tangentially with xylem rays 
from 1-7 cells wide. The tracheal vessels have oblique cross walls 
with few thick strips, reticulate pitting, and scalariform perfora- 
tions in the end walls of their elements. The xylem rays consist 
of vertically elongated cells with the vertically longest cells occurring 
at the upper and lower extremities of the ray. A relatively large 
cylinder of homogeneous pith. The cells at the center of the cyl- 
inder have larger cross diameters and relatively thinner walls tlian 
those bordering the xylem. The presence of tannin in the pliello- 
derm, cortex, phloem, xylem rays and pith. 

Trichomes are present in 9 of the 15 species studied. Those with- 
out trichomes are R. aureum, R. diacantha, R. alpmwn, R. luridwm, 
R.. missouriense, and R. Mrtellum. There is considerable variation 
in amount and length of trichomes in the various s|)ecics (Plate 
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XLIIIy figs. 1“6). R, holosericGum and R. satimim liave a small 
amount of short trichomes with an average length of .07 imii. R. 
vilmorinii^ R, americanum, and R. tenue have a moderate amount 
with an average length of .06, .12, and .20 mm., respectively. The 
remaining four species have a dense amount with an average lengtli 
of .04 mm. in B. nigrum^ and .16 mm. in R, fasciculatum, R. luridum^ 
and R, cynobasti. The radial walls of the epidermal cells are cutin- 
ized in all except tlie following six species: R. temie, R. satwimi, 
R. vibnonnii^ R. missouriense, R. cynobasti, and if. hirtellum. Mul- 
ticellular sessile glands (Plate XLIV, fig. 3) were found with the 
epidermis of R. americanum and R. nigrum, and multicellular 
stalked glands with the epidermis of R. alpinmn and R. cynobasti. 
According to Holle (1893) external glands have been observed on 
the leaves only of this genus. 

There is also considerable variation in the vertical elongation of 
the epidermal cells, which ranges from very slight in R. americanum, 
R. nigrum, R. cynobasti, and R, hirtellum to considerable elongation 
in J£. fasciculatim, R. sativum, and R. missouriense. Typical col- 
lenchyina (Plate XLIV, Fig. 2) was found lignified in R. steno- 
carpum, R. missourieme, and R. cynobasti. The cork cells are tan- 
gentially elongated in all of the fifteen species except if. aureum, 
if. americanum, and if. luridum. According to Solereder (1908) the 
cork cells are somewhat radially elongated, if. missouriense differs 
from all other species in having three rings of peridermal tissue in 
the two years’ growth. Table IV shows the number of protoxylem 
points, diameter of pith cylinder, and number of tracheal tubes per 
square mm. of xylem area in each of the fifteen species studied. The 
number of protoxylem points varies from 6-16 in the diffei'ent 
species. There is also considerable variation in diameter of pith 
cylinders, which ranges from .43 mm. to 1.92 mni. There is little 
or no correlation between diameter of pith cylinder and number of 
protoxylem points. The number of tracheal tubes per square rnm. 
varies from 690 in R. fasciculatum and R. luridwn to 1725 in R, 
americanum. Table V shows the average length of tracheal ele- 
ments, traclieids, and wood fibers in the different species. The 
average length of tracheal elements varies from .22 mm. in R. sati- 
vum and Jf. hirtellum to .46 mm. in if. holosericeum. The average 
length of traclieids shows a similar variation, ranging from .21 mm. 
in R. diacantha, Jf. alpmimi, and if. cynobasti to .46 mm. in if. hir- 
tellum, The greatest variation occiu’s in the length of wood fibers, 
wliich ranges from .22 mm. in if. sativmn to .55 mm. in if, tenue. 
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'I'ABLE IV,— Showing the number of protoxylem points, diameter of pith cylinder, nod 
number of tracheal tubes per square ami. of xyleiii area. 



Number 
protoxylein 
point 8. 

Diameter 

pith 

cylinder. 

Niirnl)er 
t rjicheal 
tldXNS. 

R. holo^ienceum 

15 

mm. 

1 . 20 

1 ,480 

R. tenne 

11 

.52 

1 ,380 

R. aurcurn 

12 


1 , lO-l 

R. diacantha 

S 

.90 

1,025 

R. americanum 

12 

. 50 

1,725 

R. nif/rum 

12 

1 .4-1. 

725 

R. fasciculaiuvL 

6 

.72 

t>90 

R. alpinwn 

If) 

1,20 

828 

R, sathurri 

13 

1.92 

800 

R. laridum 

13 

.96 

690 

R. sienocarpum 

12 

.56 

1 , 173 

R. r-ilmormii 

13 

.56 

828 

R. rnissouriensf^ 

13 

.72 

800 

R. cynohasti 

16 

, 98 

1 ,035 

R. hirtellum, 

14 

1 44 

860 


TABLE V. — Showing the average length in millimeters of tracheal elements, tracheids, and 
wood fibers in the different species. 



Average 
length of 
tracheal 
element. 

Average 

length 

trachoid. 

Average 

lengtli 

wood 

fiber. 


min . 

ram, 

mm. 

R. holosericeum 

0.46 

0.43 

0.41 

R, tmue 

.35 

.32 

.55 

R, aureum 

.26 

.20 

i27 

R. discaritha 

.37 

.21 

.•17 

R, americanmn 

.34 

. 22 

.27 

R. nigrum 

. 36 

. 25 

. •10 

R. fasciculakim 

.28 

. 36 

. 37 

R. alpinurn 

.25 

.21 

. 30 

R. sativum 

22 

.28 

.22 

R. luridum. . 

.41 

i . 23 

.28 

R. sienocarpum . 

.32 

.10 

.37 

R, vilmorinii 

.25 

.22 

. 40 

R. 7mssouriens€ 

. 30 

.28 

. 1 1 

R. cynohasti 

. 37 

.21 

, 50 

/2. hirtellum 

.22 

.4() 

. 32 
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There is little or no correlation in length of any two of these ele- 
ments in all of the different species. There is little or no variation 
in size or shape of the xylem parenchyma cells in the different 
species. These cells measure approximately .025 mm. in cross 
diameter and ,062 mm. in vertical length. There is considerable 
variation in the amount and distribution of starch, tannin and 
cluster crystals of calcium oxalate in the tissues of the stem as 
shown in Table 1. 

SUMMARY OF LEAVES 

The leaves of all of the fifteen species of Ribes studied have the 
following features in common: Three to five lobed, palmately veined 
leaves with dentate margins; three main veins extending from the 
base of the blade to the tips of the lobes, giving off numerous side 
branches (Plate XLVII); the upper epidermal cells (Plate XLVI) 
the larger and with walls thicker than, those of the lower epidermis; 
the outer wall of tlie epidermal cells of the blade and petiole pro- 
jecting and overlaid by a thin cuticle; stomata occurring only in 
the lower epidermis in all species except R. aureimi; no bast fibers 
in the leaf blade; the midrib with relatively thin-walled strengthen- 
ing tissue extending from epidermis to epidermis; from 1 to 3 
layers of palisade cells composing from to % of the mesophyll 
volume (Plate XLVI) ; either a single 3-lobed vascular bundle or 
3 separate vascular bundles entering the petiole ; the lobes or bundles 
tending to fuse on passing to the blade (Plate XLV, figs. 16-30). 

Table VI shows the variation in average length of leaves and 
average width and thickness of petioles in the different species. The 
leaf varies in width from less than % its length in R. stenomrpwni 
and R, dmmntM to nearly equal its length in R, nvissourieme. There 
is a fair correlation between the length of leaf, width of leaf, and 
length of petiole. Tlierc is considerable variation in the thickness 
of the leaf blade, wliich ranges from .12 mm. in R. amencanum to 
.26 mm. in R. dutcantha. The variation in thickness of petioles 
ranges from .50 mm. in R, vihnorinii to 1,28 mm. in R. sativum. 
(Plate XLV, figs. 16-30). The radial walls of the epidermal cells 
(Plate XLIII, figs. 29-54) are slightly undulated in all except the 
following five species: R. holosenceim, R. aureum^ R. diacanlha^ 
R. stemcarpumij and R. cynobasti. All have trichomes (Plate XLIII, 
figs. 7 - 13 ) except R. aureum and R. diacmtha; however, there is 
considerable variation in amount, length, and distribution of tri- 
chomes in the different species. Trichomes are sparse in the following 
specie's: R. holosericeimij R. temiey R. nignmi, R. alpinuni, and R, 
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TABLE VI.----Slio\virig the average length of leaves, width and tliickii(‘ss of blades, and !(‘iig(!i 

and thickness of petioles. 



Tjonsrlb 

of 

l(>af. 

WMOi 

of 

leaf. 

Tli'uOvia'ss 

of 

l)l.a<lo. 

1 .en'Sh 
of 

petiole. 

'rinul in 

of 

petiole. 


nun. 

rnm. 

tnni. 

mtn. 

rntn. 

R. fiolumi'u-euni 

5") 

40 

0.24 

17 

0 , 02 



17.5 

.2t) 

0 

. m 

R. aurenM 

40 

24 . 5 

.17 

IS 

, 50 

R. diacantha 

W.b 

M 

. 20 

K 

. 7 i 

R. amerimn um 

">() 

37 . 5 

. 12 

18 

, 01 

R. nifjrum 

(>7 . 

40 

.10 

23 , 5 

. 00 

R. fascicnlafum 

42.0 

33 

.15 

12 

. t)S 

R. alpinwri 

IS.T) 

12 

.24 

7 

, 04 

R. sativum 

54..“) 

44 . 5 

.11 

10,5 

1 . 28 

R. luridum 

55 

20 

. 21 

21 

M2 

R. stenocarpum 

27.5 

10 . 5 

.20 

10.5 

.00 

R, vihmritivi 

27.5 

10 

. 1 0 

1 1 . 5 

.50 

R. missounensfi 

31 

30 

.IS 

10 

.00 

R. epnobasti 

37.5 

2f> . 5 

.17 

10 

.80 

R. hiiieUuni 

32 

IS. 5 

.10 

10 

.04 


luridum;^ moderate in number in R. americamwi and R, hirtellmn; 
and abundant in the remaining species. Tlic average length of 
trichomes in mm. in the various species is as follows: R. amencanmn 
.05; R. alpinunij R. Itmdxvm, and R. vilnionmi .10; R, hirtedluni 
and R, nigrmn .14 and .16, respectively; R, stenocarpuMf R, teme, 
R. fascicullatiim, R. xnusovnmsej and R. cynobasti .23, .24, .26, .28 
and ,29, respectively; .K. holosericeum .35 and R. sativum ,36, 
Trichomes are found on both the upper and lower epidermis of tlie 
blade and on the petiole of the following species: E. holoserieewni, 
R. americmmm, R. nigrum^ JS. fasdculatum^ R. sativum, R. steno- 
carpum, and R. vilmorinii. R, al]yimim has a few trichoni(‘s mostly 
at the margin. R. luriduxn has a small amount of tricliomes with 
the epidermis of the petiole, margin and upper epidermis of tin* 
blade. R. missounexise has a moderate amount with the epid(‘rmis 
of the petiole, margin and upper epidermis of the blade. B. cyuo- 
hasti and E. hirtellu'ni have trichomes with botli tlie upper and 
lower epidermis of the blade. R. tenue, R. a/zicrzoam////, R. nm- 
souriense, and R. cynobasti have multicellular tricliomes and R, 
sativum multicellular, branched trichomes along the Ixirdcrs of tlie 
groove of the petiole. There are multicelkilar sessile' glands with 
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the epidermis of R, aniericanum and R. nigrum, and multicellular 
stalked glands, with a several-celled stalk with the epidermis of 
R, alpinmn and R. cynobasti Table VII shows the number of 
stomata and palisade cells per square mm. of leaf area and the 
average length of palisade cells in the different species. There is a 
slight correlation between the number of stomata and palisade cells 
per square mm. of leaf area. The ratio of palisade cells to stomata 
varies from 14 to 1 in R. jasciculatum to 3D to 1 in i2. tenue. The 
length of palisade cells varies from .03 mm. in R, tenue and R. 
aureum to .06 mm. in R. alpinum (Plate XLVI). It is interesting to 
note that R, tenue and R. aureum, with the highest ratio of palisade 
cells to stomata, have the shortest palisade cells. The number of 
meshes per square mm. of leaf area varies from 12 in R. tenue to 
35 in R, hirtellum. The number of veinlet ends tei^minating within 
the mesophyll per square mm. of leaf area varies from 5 in R. tenue 
and R. al'pinum to 26 in R. hirtellum and R. vilmorinii. There is 
some correlation between the number of meshes and veinlet ends 
in the different species. There is considerable variation in size and 
shape of the midribs and vascular bundles as seen in cross sections 
(Plate XLV, figs. 1-15). The midribs vary in thickness from .24 


table VII. — Showing the number of stomata and palisade cells per square mm. of leaf area 
and the average length of palisade cells. 



Number of 
stomata. 

Number 

of 

palisade 

cells. 

Average 
lensrth of 
palisade 
eells. 

/i'. holaaeriveu HI 

.‘142 

5.625 

0,05 

R. it'.nuv 

207 

6,210 

.02 

R. tiwn'um 

245 

6,S2l 

. 02 

/»’. diacaiitha 

201 

2,r26 

.05 

R. americanurn 

422 

6,240 

.01 

R. niffrum 

276 

5,.rso 

. 01 

R, jnscicul'ilum 

242 

2,405 

. 04 

R. alpinum 

207 

5,000 

. Of) 


20S 

3,023 

04 

R. luriduni 

276 ^ 

5,589 

. 055 

R. Hlenomrpum 

250 

4,9t5V 

.05 

R. vilmorinii 

4M 

6,240 

.04 

R. mismarumse 

167 

2,519 

.04 

R. cynobadi. 

20vS 

5,589 

.04 

R. hirtellum. 

210 

5,616 

.04 
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mm. in R. aureum, R. diacantha, R. mmricanum, and E. steno- 
carpum to .54 mm. in R. nigrum, • The tipper snrface of the midrib 
varies in shape from nearly flat to decidedly V-sliaped, with the 
lower surface rounded. The midrib with relatively thin-walled 
strengthening tissue extends from epidermis to epidermis. The leaf 
margin is rounded in all species except R, ynissouriense, R. vibnonnii 
and E. cynohasti, which, have pointed margins, as seen in cross 
section (Plate XLVI). The palisade cells extend to the margin 
in all species except R. holosericeum. In most species, cells the 
size and shape of the upper epidermal cells extend around to the 
lower surface where there is an abrupt transition in size and shape 
to that of the typical lower epidermal cells. There is considerable 
variation in size and shape of petioles in the different species (Plate 
XLV, figs. 16-30). The upper surface of the petiole is concave in 
most species and ranges from nearly fiat to distinctly V-shapcd with 
the lower surface rounded. The upper surface is slightly convex 
in R, hirtellum, R, diaenntha, R. missounense, and R. mmuni. 
The petiole is triangular in outline in R. nigrum^ and inverted dome- 
shaped in R, sativ'iim. Bast fibers bordering the outer edge of the 
phloem were found in all species except E. alpinum and R. steno-^ 
carpum, the number of cell layers’ varying from 1 to 6 among the 
different species (Plate XLV, figs. 16-30). There are 3 separate 
vascular bundles entering the base of the petiole in all species 
except R. americanum, R. stenocarpum, and R, missouriense^ which 
have a single 3-lobed bundle. The lobes of the single bundle tend 
to disappear on passing to the blade, and the three separate bundles 
fuse into one in all species except E. diacantha and E. sativum. 
There is some variation in the rapidity and amount of fusion of 
vascular bundles in tlic different .species. 

KEY TO STEMS 

I. Collenchyrnii typical. 

A. More than one rinm: of peridcrmal tiasuc in 2 years’ arowMi, stem unurmed. 

R, vimourioi.Ht'. 

B. One rinc of peridennal tissue in 2 years’ growth, stem armed. 


1. Radial walls of the epidermal cells cutinized R. Htenoc.arptinL 

2. Radial walls of the epidermal cells not cutinized R, cynobmti. 

II. Collenchyma not typical. 

A. Trichomes present. 

1. Radial walls of the epidermal cells cutinized. 
a. Multicellular, sessile glands present. 


(1) Average cross diameter of tracheal tubes less than .025 inrn. . .R. americanum. 

(2) Average cross diameter of tracheal tubes more than .025 mm R. nigrum. 

b. Glands absent. 

(1) Average less than 865 tracheal tubes pe‘r square mm. of xylem area. 

R. fttHcirulat urn . 

C2) Av'ei'age more than 865 tracheal tubes per s(iiiarc nirn. of xylom area. 

R. hoIoM'/'icrn/ii . 
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2. Radial walls of epidermal cells not cutinized. 

a. Aveiage more than 1050 tracheal tubes per square miii. of xyleiii area. ,R. tewue. 

b. Aveiage less t.han 1050 tracheal tubes per square mm. of xylem area. 


(1) Peridermal tissue formed at outer edge of phloem R, vilmorinii. 

(2) Peridermal tissue formed in midst of cortex P. sativum. 

B. Trichomes absent. 

1, Radial walls of epidermal cells cutinized. 

a. Outer wall of epidermal cells hardly at all projecting.... R. alpinum. 

1). Outer wall of epidermal cells decidedly projecting. 


(1) Ijargest tracheal tidies less than .022 mm. in cross diameter. . .K. diacmitha. 

(2) l.argest tracheal tubes greater than .022 mm. in cross diameter. .P. lunduvi. 

, 2. Radial walls of epidermal cells not cutinized. 

a. Less than 13 protoxylem points in stem cross section R. aureum. 

b. More than 13 protoxylem points in stem cross section R. hirtellum. 

KEY TO PETIOLES 

1. Bast fibers absent. 

A. Vascular bundle fan -shaped as seen in cross section R, alpinum. 

B. Vascular bundle circular as seen in cross section R. stenocarpuvi. 

11. Bast fibers present, 

A. One vascular Vmndle at base of petiole. 

1. Sclerenchyma thick walled with small intercellular space R. mmourumse. 

2. Sclerenchyma relatively thin -walled with relatively large intercellular space. 

a. Vascular bundle in the shape of a circle, 3-lobed, and fan-shaped as seen 

in a cross section midway between leaf base and leaf blade. .. .R. americanuvi. 

b. Vascular bundle bent in the shape of a semicircle and not 3-lobed as seen 

in a cross section midway between leaf base and leaf blade. .. .R. fasciailatum. 

B. 'Fhree vascular Inmdles at base of petiole. 

1. Two or more distinct bundles at apex of petiole. 

a. A Imndle .sy.stem of threxv equal-sized triangularly arranged bundles, with 

entire outer edge of phloem bordered by sclerenchyma. R. sativum. 

b. A bundle syst.em consisting of unequal-sized bundles tint triangularly ar- 

ranged, witli only part of outer edge of phloem bordered by scleren- 
fhyma r, diacantha. 

2, One bundle at the apex of petiole. 

a. Bundle cross section 3-lobed at apex of the petiole. 

(1) Petiole cross section is triangular in outline at a point midway between 

leaf base and leaf blade R. nigrum. 

(2) Petiole cross section is inverted dome -shaped at a point midway 

b(3tween leaf base and leaf blade R. holosericeum. 

1). Bundle cross section not 3-lobed at apex of petiole. 

(1) Bundle cross section at apex of petiole is only slightly bent. 

(a) Three separate bundles bordered by relatively thick- walled scleren- 

chyma midw'ay between leaf base and leaf blade R. luridum. 

(1)) One bundle l>order(»d by relatively thin-walled sclerenchyma mid- 
way btdAveen leaf base and leaf blade. 

1. Bundle cross section midway between leaf base and blade is 

circular in outline R. aureum, 

2. Bundle cross section midway between leaf base and blade is 

3-lobed and fan-shaped R. vilmorinii. 

(2) Bundle cross section at apex of petiole is bent in the shape of a 
semicircle. 

(a) One fan -shaped bundle seen in a cross section midway between 

leaf ba.se and blade R. ct/nobasti. 

(b) Three separate bundles midway between leaf base and blade. 

1. Sclerenchyma relatively thin- walled w'ith relatively large inter- 
cellular space R. hirtellum. 

2. Sclerenchyma relatively thick -walled with relatively small in- 
tercellular space R. tenue. 
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KEY TO MIDRIBS 


I. 

ii. 


III. 


IV. 


Upper surface of midrib U -shaped . . .ii’. 

Upper surface of midrib narrow to broadly V'-shaped. 

A. Palisade cells one layered throughout the leaf U. 'mimntrieme, 

B. Palisade cells ranging from one to two layers throughout the leaf, 
a. Vascular bundle fan-shaped as St eii iu erow.s st'cliori. 

1. Lower epidermis beset with multicellular, sessile glands H. amcricanum, 

2. Glands absent aatkrmn. 


b. Vascular bundle nearly a circle in outline as seen in tiross section. 

1. Leaf blade sharply decreasing in thickness on approaching tlie midi-ilj. 

R. holomriceimt. 

2. Loaf blade not decreasing in thickness on approaching tlie midrib. 

(a) Vertical thickness of midrib more tium twice that of the Wade. 


B. vilmorinii. 

(b) Vertical thickness of midrib less than one and a half that of the 

blade R. ^^feaoearpuni. 

C. Palisade cells two layered throughout the leaf. 

a. Tw'O-thirds of the midrib projecting below the leaf lilade R. hirtellum. 

,b. About one-third of the midrib projecting below the leaf Idade ..R. tenue. 

Upper surface of midrib nearly flat. 

A, Midrib decidedly projecting below the leaf blade R, cynobaati, 

B. Midrib not decidedly projecting below the leaf blade. 

a. Outer walls of the upper epidermal cells decidedly jjrojecting .R. auretim. 


1). Outer walls of the upper epidermal cells only slightly projecting, 

1. Tangential diameter of vascular bundles greater than vertical diameter. 

Ji. hiridum. 

2. Vertical diameter of vascular bundle greater than tangential diameter. 


i?. diacantha. 

Upper surface of midrib slightly concave. 

A. Outer walls of upper epidermal cells decidedly projecting R. fasciculatum. 

B. Outer walls of upper epidermal cells only slightly projecting B, alpimtrn. 


KEY TO MARGINS 

I. Blade cross section rounded at the margin. 

A. Blade cross section less than .11 mm. tiiiek at a point .125 mm. from the 

margin amcrimnum, 

B. Blade cros.s section between .11 and 10 mm. tiuck at a point .125 mm. from the 
margin. 

a. Margin roughened Mriellum. 

b. Margin not roughened. 

1. Outer walls of epidermala cells relatively thick .B. fammdatum, 

2. Outer walls of epidermal cells relatively thin. 

(a) Palisade cells not extending to the margin R, hotomriciium. 

(b) Palisade cells extending to the margin. 

(1) I^ower epidermis beset with multicellular, S(‘S.siIe glands.... B, niynini. 

(2) Glands absent, 

^Mostly two layers of palisade cells R, stc/iorarpuin. 

**MostIy one layer of palisade cells R. mfivunL 

C. Blade cross section greater than .16 mm. at a point .12,5 mm. from the margin, 
a. Average length of cells in the upper palisade layer greater than .035 mm. 

1. Blade cross section less than .21 mm. thick at a point .125 mm. from 

the margin alpinum. 

2. Blade cross section greater than .21 mrn. at a point .125 mm. from the 
margin, 

(a) Outer walls of epidermal cells relatively thick /?. diacantha. 

(b) Outer walls of epidermal cells relatively thin luridum. 

b- Average length of cells in the upper palisade layer les.s than .(13.5 jnni. 

1. Stomata pre.sent in the upper epidermis B. aareum, 

2. Stomata ab.sent in the upper epidernii.s It. tenne. 
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II; Blade cross section pointed at the margin. 

A, Upper epidermal cells I'elatively thick ' H. cy?tobastL 

B. Upper epidermal cells relatively thin. 

a. Upper surfact* of margin curved and lower surface straight h\ 7nmoiiriertse 

1). Margin w('dge-shavH'd .7?. vilmorbiii 


SUMMARY AND CONCLUSION 

An examination of the data given in the summary of stem and 
leaf features leads one to the conclusion that all fifteen species 
agree in the general plan of their anatomical structure. It is also 
evident that species which show a close agreement in the details 
of their anatomical structure also show a close agreement in their 
larger morphological features. 

In comparing a large number of species which are similar in some 
structural features and dissimilar in others we may divide them 
into two or more groups on the basis of this- situation. By using 
many such features a large number of different groupings may be 
obtained. Assuming the inheritance of these different features to 
be of equal persistence, and knowing the plants have been raised 
under the same environmental conditions, then the frequency with 
which any two species fall within the same group may be used as 
an indication of the closeness of their genealogical relationship. 
Table VIII, based on eighteen anatomical features not common to 
all species, shows at a glance the frequency with which each species 
falls in the same group with each of the other species. The eighteen 
following features were used in making the table: Amount and dis- 
tribution of trichomes of the leaf epidermis; absence or kinds of 
glands of the epidermis present; shape of leaf epidermal cells; shape 
of leaf tip; shape of leaf margin; shape of midrib; number of 
layers of palisade cells; number of vascular bundles entering the 
petiole; presence or absence of trichomes of the stem epidermis; 
presence or absence of bast fibers in the petiole; stem armed or 
unarmed; shape and size of stem epidermal cells; cutinization of 
radial walls of stem epidermal cells; kinds of collenchyma; number 
of rings of peridermal tissue in the two years^ growth; number of 
protoxylem points; length of xylem elements; and the distribution of 
starch, tannin and cluster crystals of calcium oxalate in the tissues 
of the stem and leaf. There are many features that are common io 
all species given in the summary of stems and leaves. The table 
indicates that there are many instances of similarities of anatomical 
features between American and European species. The three highest 
frequencies obtained are between some American and European 
species, and the lowest between some American species and between 
Ameiican and Euroi)ean species. 
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TABLE Vm.— Showing the frequency with which any two species fall into the same group 
on the basis of their similarity of features 

] 03 h closer iceurn 
110 teiiuo ...... 

127 *aureiim 

1*23 dlacantha. . - 
103 %mericaniuTi . 

108 nigrum 

119 fasciculatum 
118 alpinum 

116 sativum 

114 luridum 

74 stenocarpum 
106 vilmorinii . . 

66 *missouriense 
18 *cynobasti. . . 

117 ^^hirtelJiixn. . . 


* Indicates American species. 

Nos. 1-15 outside the sciuare are used as symbols for the different .speeie.s. 

The numbers inside the s<iuare represent frequencies. 

The numbers preceding the names are total fr(?qtunieies. 

Figure I is a map of the world showing the relative position of the 
various continental masses as they appear to-day. The name of each 
of the fifteen species appears on the particular continent or part of 
a continent to which the species is native. Lines are drawn con- 
necting species between which a relatively high degree of anatomical 
relationship was found in Table VIII. The table in figure I shows 
the degree of anatomical relationship of each of the fifteen species 
with all other species and is obtained from Table YIII by combin- 
ing the frequencies with which each species falls witliiii the same* 
group with each of the other species. 

Figure I shows at a glance that there are numerous instance's of 
a relatively close anatomical relationship between species isolated 
on different continents. It also shows that there are several sficcies 
(E. cynobastij B. stenocarpum, and R, missouriense) which show bid 
little anatomical relationship to other species, even to those found 
on the same continent. For example, the two liighest degrees of 
anatomical relationship found were between R. avreum (West N. 
A.) and R, diacantha (North Asia) and between R. (irn(Ti(nmiTn 
(East N. A.) and E. nigrum (North Eu). The question arises, }iow 
could species isolated on such remote parts of tfie (‘artfi come to 
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have such a close degree of anatomical correspondence? It cannot 
be explained by hybridization, and it is very improbable that they 
may have mutated in the same direction. A more suitable explana- 
tion is furnished by assuming a former connection of these con- 
tinents, either by land bridges or by their being formerly collected 
together into a single continental mass which later separated and 
its fragments drifted apart. Such a theory is furnished by Koppen 
and Wegener (1924), and is favorably regarded by Zimmermann 
(1930) and Seward (1931). According to this theory the Eastern 
coast of North America was in former contact with Europe and the 
Western coast of North America was in former contact with Asia, 
which accounts for the close anatomical correspondence between R. 
americanum and R. nigmm and between R. aureimi and R. dia- 
cantha. Tlie numerous lines on the map connecting R. aureimi with 
many other species on both continents and tlie high degree (127) of 
anatomical relationship to all otlier species shown in the accompany- 
ing table below the map, indicates that i?. aureum either belongs to 
or is closely related to the original hypothetical stock of Ribes from 
which all other species descended. It is also observed that the 
fifteen species are listed in the table in a descending order from 
the original stock {i, e., the smaller the number the less anatomical 
correspondence with other species and the further the descent from 
the original stock) . The small degree of anatomical correspondence 
of R, cynohasti^ R. stenocaryum^ and R. missouriense with other 
species would seem to indicate that they have probably originated 
by mutation. 
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PLATE XLIII 

TRICHOMES (X 135) 


Fig. 1. Bfceru tYii^home oi R. a mena^tmm. 

Fig. 2, Stem trieborue of /i5. 

Fig. 3. Stern trichomo of R. steiiocarp^im. 

ETg. 4. Stern trichome of R. holoscricetim. 

Fig. 5. Stem tricbome of R. mtkymn. 

Fig. 6. Si;em trieborne of R . jaHcinda Itim . 

Fig. 7. Leaf trichome of iC mmoar/ensc. 

Fig. 8. Leaf trichome of R. nigrum . 

Fig. 9. Leaf trichome o( R. jascuyulatim . 

Fig. 10. Leaf trichome of R. cynobasti. 

Fig . 11. Leaf tricliorne of R . stcnocarpuni . 

Fig. 12. Leaf trichome of R, vilnioTinii. 

Fig. 13. Leaf trichome of R. hirtelluni. 

EPIDERMISES (X 135) 

Fig. 14. Stem epidermts of R. leniie. 

Fig. 15. Stem epidermis of R. fasdculaturn. 

Fig. 16. Stem epidermis of R,aureum. 

Fig. 17. Stem epidermis of B . hirtelluni, 

BYg. 18. Stem epidermis of R. sativum. 

B'ig. 19'. Stem epidermis of R.niissouricnse. 

Fig . 20 . Stem epidermis of R . vilmorin ii. 

Fig .21. Stem epidermis of R . alpinum . 

Fig. 22. Stem epidermis of R . stenocarpwm,. 

Fig. 23. Stem epidermis of R . holosericexvm. 

Fig. 24. Stem epidermis of R . nigrum. 

Fig. 25, Stem epidermis of R. luridum . 

Fig. 26. Stem epidermis of R . cynobasti. 

Fig. 27. Stem epidermis of R. diacantha (female) . 
Fig. 28. Stem epidermis of R. americanum. 

Fig. 29. Lower leaf epidermis of R. luridum. 

Fig. 30 . Upper leaf epidermis of R . hirtelluni . 

Pig . 31 . Lower leaf epidermis of R . stenocarputn . 
Fig. 32, Upper leaf epidermis of R. stenocarpum. 
Fig. 33. Lower leaf epidermis of R. americanum. 
Fig. 34 . Upper leaf epMermis of R . americanum . 
Fig, 35. Lower leaf epidermis of R. hotomriceurn. 
Fig. 36. Upper leaf epidermis of R. luridum. 

Fig. 37. Lower leaf epidermis of R, hirtellum. 

B’lG. 38. Upper leaf epidermis of R . cynobasti. 

Fig. 39. Lower leaf epidermis of R. cynobasti. 

Fig. 40, Lower leaf epidermis of R . alpdnurn. 

Fig . 41 , U pper leaf epidermis of R . alpinum . 

Fig. 42 . Lower leaf epiderm is of R . fascictda t urn . 
Fig. 43. Upper leaf epidermis of R. holosericeuni. 
Fig. 44. Upper leaf epidermis of R. vilmorinii. 

Fig. 45. Lower leaf epidermis of R. vilmorinii. 

Fig. 46. Lower leaf epidermis of R. sativum. 

Fig. 47. Upper leaf epidermis of R. nigrum. 

Fig. 48. Lower leaf epidermis of R. nigrum. 

Fig. 49. Upper leaf epidermis of R.fasciculatmn, 
Fig. 50. Upper leaf epidermis of R. diacantha. 

Fig. 51 . Upper leaf epidermis of R. sativum. 

Fig. 52. Upper leaf epidermis of R. yniMouriemc. 
Fig. 53. Lower leaf epidermis of R . nimourivme . 
Fig. 54. Lower leaf epidermis of R . diacan tha . 
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PLATE XLIV 

TYPICAL STEM CROSS SECTIONS (X 48) 

Fig. 1. Stem section of R. vilmorinii in the primary condition. 

Fig. 2. Stem section of R. missouneme taken from current year’s growtli. 
Fig. 3. Stem section of R. nigrum taken from current year’s growth. 

Fig. 4. Stem section of R. hirtellum taken from two years’ growtli. 



Bates: Study op the Genus Ribes 


Si) I 


PLATE XLIV 
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PLATE XLV 


MIDRIB CROSS SECTIONS (X48) 


Fig. 1. R. rnmouriense. 
Fig. 2. R. tenue. 

Fig. 3. R. fasciculatum. 
Fig. 4, R. auremn. 

Fig. 5. R. vilmorinii. 
Fig. 6. R. nigrum. 

Fig. 7. R. luridum. 

Fig. 8 . R. cynobasti. 


Fig. 9. R. aniericcmum. 
Fig. 10. R. stcfwcarpum. 
Fig .11. R. diaeantha . 
Fig. 12. R. hirtellum. 
Fig. 13. R. alpinum. 

Fig. 14. R. sativum. 

Fig. 15, R. holosericeum, 


PETIOLE CROSS SECTIONS (X48) 


Fig. 16. R. cynobasti. 
Fig. 17. R. vilmorinii. 
Fig. 18. R. holosericeum. 
Fig. 19. R. luridum. 

Fig. 20. R. alpinum. 
Fig.21. R. nigrum. 

Fig. 22. R. hirteUum. 
Fig. 23. R. diaeantha. 


Fig. 24. R. aureum. 

Fig. 26. R. tenue. 

Fig. 26. R. amcricanum. 
Fig. 27. R. stenocarpum. 
Fig. 28. R. fasckulatum. 
Fig. 29. R. sativum. 

Fig. 30. R. nimotiriense. 
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PLATE XLVI 

EPIDERMISES (X 135) 

Fig . 1 . I.ower leaf epidermis of li . atircu ta , 
Fig . 2. Upper leaf epiderm is of P . aureuni . 
Fig. 3. Lower leaf eiudcrmis of R. tenuc. 
Fig. 4. Upper leaf epidermis of R. lemie. 

MARGINS OF THE LEAVES (X 165) 

Fig. 5. Leaf margin of R. americaniini. 

Fig. 6. Leaf margin of R, nigmm. 

Fig. 7, Leaf margin of R. vihnorinii. 

Fig . 8 . I^eaf rnargi n of If . hirte Hum . 

Fig. 9. Leaf margin of R . stenocarpuni . 

Fig. 10. Leaf margin of R. fascicidaluni. 

Fig .11. Leaf margin of If . niissouii erne . 

Fig. 12. Leaf margin of If. alpmum. 

Fig. 13. Leaf margin of if. holosericeum. 

Fig. 14. Leaf margin of If. cynobasti. 

Fig. 15. Leaf margin of If. dlacmUha, 

Fig. 16. Leaf margin of If . sativum. 

Fig . 17. Leaf margin of If . aureum . 

Fig. 18. Leaf margin of if. toidwm. 

FTa. 19. Leaf margin of if. tenue. 
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PLATE XLVII 

TYPICAL LEAF VENATION (X2S^ 

Fig. 1. Leaf venation of R. alphimn. 

Fig. 2. Leaf venation of R . stenocarpum , 
Fig, 3. Leaf venation of R, americanum. 
Fig. 4. Leaf venation of R . hirtelluni . 

Fig. 5. Leaf venation of R. mtivurn . 
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Morphology and Anatomy of Mollugo verticillata L. 

SISTER M. ANTHONY PAYNE, O. S. B, 


Abstract: The probable relationship of the Aizoacete to the Phytolaccacese 
is analyzed, as well as its relationship to the Chenopodiacese, Portiilacacese 
and Car.yopliyllacea3. Mollugo verticillata, the ‘‘carpet weed,” belongs to the 
family Aizoaceae, which is principally tropical, containing 18 genera and 600 
species. 

Mollugo, found in temperate climes, has twelve to eighteen radiating stems 
which crown, a tapering root and lie prostrate on the gi’oiind. The leaves are 
in small whorls, and the inconspicuous flowers are borne on slender pedicels. 
They are perfect, but incomplete. Three stamens alternate with the locules 
of the three-eliainbered ovary, which contains about thirty kidney-shaped 
seeds. 

The thickened spatulate leaf has stomata on both surfaces and vestigial 
trichome bases on the upper epidermis. The mesophyll is about eight layers 
in thickness. Numerous translucent, simple crystals abound in the mesophyll 
of the leaf and in the cortical tissue of the stem. The crystals are probably 
calcium oxalate, for they refract interference colors of the third order. The 
structure of older portions of stems varies between nodes and intenodes, 
while pseudoannulation occurs in cross sections of both stem and root. The 
units which form the tracheal tubes are heavily pitted. The dense cylindrical 
arrangement of tracheal tubes and lignified tracheids, followed by a cylinder 
of less compactly disposed tubes anil fibrous tracheids, given the impression of 
annual rings. 

Drawings and photomicrographs illustrate various points in the paper. 


CLASSIFICATION ' AND DISTRIB UTION 

B efore discussing the morphology and anatomy of an unfamiliar 
plant it seems well to classify it, for, although ^^carpet weeds” 
may cover the pathway, it is probable that few of them attract 
curious, much less quizzical, glances. In Renclle’s ^'Classification 
of Flowering Plants” (1925) Mollugo verticillata L. is pigeonholed 
as follows: Genus and species, Mollugo verticillata, of the family 
Aizoacese, order Centrosperrnse, and grade Monochlamydesc. 


(399) 



400 


The University Science Bulletin 


In the few lines devoted to it by various authors Mollugo has been 
described by comparison witli related forms rather than by spcxdfic 
description. Well-known related families are tlie Clienopodiaceie, 
the Phytolaccacea^j, tlie Portulacacem and the Caryophyllaceie. 
These families, possess in common a cliaracteristically (Uirved einliryo 
surrounding a floury or mealy endospeim, and a central pla, scuta, 
to which the seeds are attached. 

The small family of the Phytolaccacem shows great variety in tlu‘ 
plan of structure of the flower, including many apetalous as well 
as polypetalous forms. Multiple stamens and carpels also occur, 
and Pax (1892) suggests Phytolaccaceee as the genetic family of 
the order Centrospermse, because in this family are found genera 
of the monochlamydeous type as well as dichlamydeous forms in 
which a multiplication of stamens and carpels has occurred. Family 
relations of Mollugo may be illustrated by the following diagram, 
which readily shows why Gray (1887) first placed Mollugo in a 
suborder of the Caiyophyllacea) and later in the order of the Ch(‘- 
nopodiales (1908). 

The Aizoacese resemble Phytolaccacese in their apetalous flowers 
and in the anomaly of the stem structure of many of its members. 
It is a miscellaneous group of herbs, shrubs, imdershrubs and siiccii- 


FAMILY RELATIONS OP MOLLUGO 



Monochlamydeous 
Stamens In on© series 


Monochlamydeous 
Stamens, S, 6, or o<0 


Dichlamydeous 

Antepetalous stamens, 
3, 5, or inci’eased* 


Dichlamydeous 

Stamens 8-10 in 
two series* 
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lent plants. The family is principally tropical and is found in great 
numbers in dry places and the warmer parts of the earth, particu- 
larly in South America. There are eighteen genera and 600 species. 
Four hundred of these belong to the genus Mesembryanthemum. 
The familiar ice plant, Af. crystallinumj is an example of the genus, 
and thrives in California, Australia and about the Cape. Mollugo 
also is tropical, but it has invaded the northern parts. In 1892 it 
was reported from central Texas by Mrs. Charles Ward, who cob 
lected the specimen for a private herbarium. W. A. Wheeler, in the 
summer of 1899, collected specimens of M. verticillata in the extreme 
southeastern part of Minnesota, and the specimens on which the 
present studies were made were collected by W. C. Stevens, pro- 
fessor of botany of Kansas University, near Lawrence, Kansas. 
Gray’s manual (1887) states that although it is an immigrant from 
farther south, it may be found on sandy river banks, roadsides 
and in cultivated ground from June to September. The inference 
is that it is rather common. Its relative unimportance and in- 
significance accounts, perhaps, for the lack of notation in the litera- 
ture. 

HABITAT AND GENERAL MORPHOLOGY 

AT. verticillata, the ^‘carpet w’eed,” has many (12-18) slender, 
jointed branches radiating from the top of a tapering root. The 
stems are prostrate on the earth and form a rather dense mat that 
measures 20 to 24 cm. in diameter. The flat patches of greyish 
green are not showy, for the small spatulate whorls of leaves and 
the delicate recurved pedicels bearing single flowers are inconspicu- 
ous. The flowers form an umbellike cluster. At times they are in 
the axils of the leaves, but more often five or six flowers are aggre- 
gated on one side of the stem while the four or five leaves are 
crowded in a semiwhoii on the opposite side. Leaves and flowers 
together suggest the umbel. 

The stems are tumid at the nodes, the swellings decreasing in size 
at nodes farther and farther removed from the root. The main 
stems are 3.5 mm. in diameter at the point of origin and only 1.5 
to 2 mm. in cross section between the third and fourth nodes. They 
continue to decrease in diameter to the growing tip. The length of 
the average internode is 25-35 mm. 

The main taproot measures 4 mm. in diameter at the point of 
junction with the stem. 

The ^^carpet weed’^ can grow in dry, sandy places because of its 
eflicient root system and the water-storing tissue in the leaves and 
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nodes. The flat mat conserves the moisture in the soil adjacent to 
the root and the long taproot reaches to depths of 18 to 20 cm. 
below the surface, while short lateral roots coming from it drain a 
large area (PL XLVIIT, fig. 6) . 

The small hypogynous flowers are borne on slender pedicels at 
the nodes, the pedicels being as long or slightly longer tiian tlie 
mature capsule, which may measure 4 mm. by 2 ram. The flowers 
are regular and perfect, but incomplete, having a whitish perianth 
composed of five small curved sepals, tliree short stamens witli 
plump anthers alternating with the cells of the ovary, and a sliort 
three-parted style over a large three-chambered ovary (PL Ij, figs. 
9,10). 

The ovary, when mature, is crowded with large anatropous ovules 
arranged on axial placentie. Each locule contains two rows of seeds, 
one on either side of a partition which extends from tiie wall of the? 
ovary in the center of each locule nearly to the placentae There 
are generally five or six seeds in a row, each fully developed ovary 
containing, therefore, about thirty seeds. The seeds are kidney- 
shaped and a reddish brown. The brittle testa is etched in delicate 
striie (PL XLVIII, fig. 1) and within, the large embryo is curved 
peripherally about the fine, starchy endosperm. The epicotyl oc- 
cupies the upper plump portion of the kidney-sliaped seed (PL 
XLVIIT, fig. 2). 

The simple, entire spatulate to cuneiform leaves occur in whorls 
or semiwhorls at every node of the stem. There are four to eight 
leaves in a whorl, unequal in size, even in a single whorl, altliough 
the variation in size in the whorl is less than the variation in leaf 
size between whorls. The leaves that compose the whorls near the 
point of origin of the stem measure from 15 to 20 mm. by 3 mm. 
(at the broadest part of the blade) , while the leaves composing the 
distal whorls measure 5 to 10 mm. They are generally pointed, and 
a few tend to have a mucronate apex (PL XLVIII, fig. 10). 

ANATOMY 

Several methods of procedure were followed in preparing the 
tissues for microscopic examination. Portions of the specimens had 
been preserved some, months before in equal parts of 95 per cent 
alcohol and glycerin and were in very good condition. Before em- 
bedding in paraffin small pieces of stem, root, leaf, flower and 
pedicel were dehydrated by the butyl-alcohol method (Zirkle, 1930) , 
and then cut in cross and longitudinal sections varying from 10 to 
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20 [h in thickness. Some sections were stained in Kernschwartz and 
safranin^ others in gentian-violet and acid-fuchsin. The Kern- 
Schwartz and safranin gave good contrast and made delicate cell 
walls stand out as well as cytoplasmic inclusions. Other sections 
were simply cleared in chloral hydrate. Others still were treated 
with various acids in an effort to determine the nature of the crystal 
inclusions. The endosperm material was tested with Sudan III 
and a tincture of iodine. Sudan III was also used on freshly 
mounted cross sections of root and stem. The amount of lignifica- 
tion, as determined by the safranin stain, was checked by the 
phloroglucin test (Stevens, 1924). The lignified tissue which had 
been immersed in alcohol containing a trace of phloroglucin turned 
a deep red when a drop of hydrochloric acid was added. 

Sections for photomicrographs were dehydrated and cleared in 
xylol, then mounted in hyrax. Exposures varying from fourteen 
seconds to six minutes with an arc light illuminant were made on 
hard-surface sensitized paper, giving a negative print. A few dry- 
plate negatives were developed for comparative data. 

LEAF 

Leaves cleared in chloral hydrate were used for the study of the 
epidermal layers. In surface view most of the upper epidermal 
cells are relatively large and irregular with pronounced undulating 
margins. The length, averaging .082 mm., is more than twice the 
width (PL XL VIII, fig. 11). Over the midrib and larger veins the 
epidermal cells are elongated and rectangular with regular margins 
(PI. XLVIII, fig. 12). A few patches of small, rounded cells can 
be found on the upper surface of the leaf, while cells much less ir- 
regular in contour than the typical undulating epidermal cells 
stretch out from these areas forming occasional rosettes in the epi- 
dermal pattern (PL XLVIII, fig. 14). These rosettes suggest the 
loci of trichomes, but trichomes are lacking in M. verticillata. Since, 
however, so many related forms are hairy it seems probable that 
this peculiarity is a vestigal remnant of ancestral forms. 

The lower epidermis is likewise composed of sinuous cells, but 
the undulation of the walls is slightly less marked. In some areas 
the cells approach a rough rectangle in shape. 

Stomata occur on both upper and lower surfaces. A stoma is 
elongate-eliptical in shape and measures about 0.018 mm. in length. 
Stomata are more numerous on the lower than on the upper surface 
and are unevenly distributed. The average is 97.1 stomata per sq. 
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mm« for the upper surface and 117.9 stomata per sq. mm. on the 
lower surface (PL XL VIII; figs. 11 and 16). 

Stomata occur frequently in the epidermis of the stem (PL XLIX, 
fig. 7). 

A cross section of the leaf (PL L, fi.g. 12) shows a miioli thickened 
blade with the region over the midrib depressed. There is a cor- 
responding protrusion of tissue on the ventral surface. Cells of the 
simple upper epidermis are larger in cross section than cells of the 
lower epidermis, the former being about two times longer than high 
and nearly oval (PL XLVIII, figs. 13, 15). The outer wall is con- 
vex and cutinized; while the inner wall is slightly curved and very 
thin. Upper epidermal cells average .031 mm. in radial thickness. 

Cells forming the lower epidermis have about 0.6 the diameter of 
the upper epidermal cells. The outer wail is less convex and not as 
heavily cutinized as in the upper epidermis. 

The irregular palisade-parenchyma occurs below the epidermis 
in two cell layers. The cells are not greatly elongated, some of them 
being nearly square. In the lower layer many of the palisade forms 
pass over into a round form. Large intercellular spaces intervene, 
particularly in the upper row. Some of the palisade cells are typical 
— narrow and twice as long as neighboring cells. They extend the 
entire breadth of the palisade parenchyma. These long cells are 
abundant at the edge of the leaf, and when measured in the surface 
view average .038 x .033 mm. Conspicuous air spaces are among 
the palisade cells. 

The spongy mesophyll occupies about 0.6 of the thickness of the 
entire leaf. It is seven or eight layers thick, while the palisade 
parenchyma occupies only about .25 of the thickness. The border- 
parenchyma cells are relatively large, sinuous, thin-walled cells, and 
all the mesophyll in the plane of the veins is unusually large. The 
midrib is connected to both surfaces of the leaf by collenchyma 
tissue. Tiie vascular tissue, forming the midrib, is slightly concavvis 
above and convex beneath, the phloem flanking the xylem, lai'gely. 
There is a tendency for it to completely surround tlie xylem elements. 

Tlie smaller veins are completely immersed in the meBO|)liyll and 
also have a sinuous parenchyma sheath. A cross section of a leaf 
shows three or four large lateral bundles to either side of the midrib 
(PL L, fig. 12). 

Wlien a cleared leaf is brought in focus tlie most striking cliarac- 
teristic is the presence of innumerable translucent, simple crystals 
and tan-colored compound ones. Masses of these splotch the fielc] 
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in many areas and obscure the underlying tissue (PI. L/fig. 11). 
Large ones are scattered at random just under the epidermiSj but a 
rapid shift of focus brings many more from lower levels into view 
and the impression is gained that the leaf is loaded with crystals. 
Ten surface counts ranged from 700 to 750 crystals per sq. mrn. 
Fields can be selected, however, in which the count is much higher 
or mucli lower. A change of focus to lower depths of the tissue 
inakes an accurate estimate of frequency impossible due to the fact 
that crystals crowd and overlap from one local plane to another 
(Pi. L, fig. 8). 

The crystals are of two forms although great variation occurs 
within the classes. One form is the typical spherical rosette and 
the other is the small, colorless octahedral crystal. Both groups are 
doubtlessly forms of calcium oxalate (Ca Cg 0^ PI 2 O), for they dis- 
solve without effervescence when immersed in a 2 per cent solution 
of hydrochloric acid. They go into solution slowly, however, for 
after immersion for thirty or forty minutes all of the crystals may 
not have disai)peared from a cross section of a leaf .012 min. thick. 
Tlie very small, sim|)!e crystals and the rosette forms disappear first; 
later tlie huge octaliedron type (Rieder, 1899). 

Tlie habit of the crystals varies greatly, and an almost endless 
number of combinations of simple types from acute to obtuse quad- 
ratoctahedra occur. Envelope forms, square prisms with pyramidal 
ends, truncated pyramids, elongated octahedra with bevelled edges 
or truncated angles are present. Some are imperfectly developed, 
but most of them can easily be classified as octahedral or twdnned 
octaliedral forms. 

Multiple twinning of small crystals gives rise to large rosette 
forms or coiK,‘r(d:ious. Contact twins and penetration twins occur 
frequently. Twinned structuia^s can be detected by means of the 
barbed stria) iiu'et in a line on tlie face of crystals tliat at 

first seem simple, lliscs form when oxalate of lime is rapidly 
|irecipitat(Hi DeBary states tliat tlie form of tlie crystal depends 
on the rapidity witli wliicli it is deposited. Tim amount of water of 
(u,ystalli»ation also varies in tlie different forms (I)e Brny, 1884). 

With ordinary illumination many of tlie very small crystals seem 
irregular or indefinite, in outline, but monocliromatic light reveals 
sluvrp edges and a specific contour. When studied under a polariz- 
ing microscope the crystals of Mollugo may refract one of several 
interference colors of tlic tliird order; blue, green, greenislnyrilow 
or reddish-violet (Ford, 1922). This difference in the birefringence 
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is due to the size or thickness of the crystal and its orientatioiiy for 
the greater the amount of double refraction the higher the order of 
interference color. The refraction of the colors of the third order 
supports the evidence from, other sources that the crystals are 
calcium oxalate. (Birefringence of calcium oxalate is .163, the index 
of refraction for one ray being 1.493, and for the other 1.656.) 

Longitudinal and cross sections of the leaves .020 to .040 mm. 
thick show that crystals of both groups occur plentifully throughout 
the spongy tissue and in the palisade cells. Rows of simple crystals 
fill the cells that border the veins (PL XLVIII, fig. 9). Small 
pyramidal forms occur in cells of Mollugo more distant from the 
veins, and a few of the upper epidermal cells have tiny crystals in 
the vacuoles, but they are the exception, not the rule, while in 
Mesembryanthemum lacerwn there are crystals in the epidermal 
cells in large numbers (DeBary, 1884). The rosette crystals are 
massed over veins or in areas quite far removed from the main 
veins. If one rosette crystal occurs in a cell often the six or eight 
cells adjacent to it are also crystal sacs. The crystals are always 
suspended in the vacuoles (PI. XLVIII, fig. 7). 

ANATOMY OF STEM 

Cross sections and longitudinal sections of stem taken from parts 
adjacent to the root, at nodes and at internodes were examined. 
The vascular tissue is cylindrical and surrounds a relatively large 
homogeneous pith. The simple epidermis is subtended by a cortex 
which varies in thickness in different regions. Some of the inner 
cortical cell rows are heavily lignified and sometimes form an 
undulating fibrous sheath about the vascular tissue, sometimes a 
broken ring of bast fibers (PL XLIX, figs. 5, 6, 7). 

The pith consists of several longitudinal rows of large, thin-walled 
cells, which fill the center of the pith cylinder and are surrounded 
peripherally by rows of smaller thin-walled cells. The parenchyma 
cells are very small at the periphery of the pith, measuring in cross 
section .033 by .041 mm. in diameter. The empty central pith cells 
are .146 mm. by .061 nim. These, by far the largest cells found in 
Mollugo, in a longitudinal section appear barrel-shaped. The thin 
walls of the pith cells are finely pitted and small triangular in- 
terstices occur among them (PL XLIX, fig. 6). Crystals do not 
occur in pith cells. 

There are several rows of protoxylem. Next to the pith a narrow 
vessel .011 mm. in diameter, with a heavy, loose-coiled spiral occurs, 
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while further out there is a wider spiral vessel (.015 mm.) with a 
finer spiral more closely coiled (PL LI, fig. 14) , Both vessels spiral 
from left to right. In several longitudinal sections the inner spiral 
was already distorted through excessive elongation of the branch. 
A row of thin-walled parenchymatous cells separate the spiral 
vessels. 

The narrow band of protoxylem is followed sometimes by pitted 
tracheal tubes, sometimes by fiber tracheids. The tracheal tubes 
always have heavily lignified walls and are scattered irregularly 
among the thinner-walled xylem parenchyma ceils. There are no 
medullary rays. The large pitted tracheal ducts measure .105 mm. 
in diameter. These patted vessels are without any protoplasmic 
contents, but occasionally crystals and crystal sand occurs. Three 
large, well-formed rhombohedral crystals in this position are shown 
in Plate LI, figure 15. The large bordered-pitted vessels are sur- 
rounded by fibrous tracheids which vary greatly in size and form. 
Some tracheids measure only .010 mm. in diameter and are many 
times longer than wide and have square ends. Others are .32 mm. 
in diameter and have the end walls at an angle of 40”. The wider 
traciieids are short and have relatively few pits in the lignified 
walls. Xylem parencliyma is not abundant. The elements are 
small, oblong and thin-walled. 

In cross sections of larger stems, the dense cylindrical arrange- 
ment of tracheal tubes and lignified tracheids, followed by a cylinder 
of less compactly disposed tubes and fibrous tracheids, gives the im- 
pression of annual rings (PL XLIX, fig. 7). This pseudoammla- 
tion is characteristic likewise of the root. 

Tlie phloem tissue is outside the xylem cylinder only (PL XLIX, 
fig. 4). A cambial layer cannot be distinguished in mature stems. 
Tlie arrangement of the phloem differs in cross sections taken at 
the nodes and between the nodes. Tlie phloem between tlie tumid 
regions about tlie nodes forms a complete cylinder consisting of 
three or four rows of sieve tubes, companion cells and phloem 
parenchyma surrounded by one or two rows of heavier-walled paren- 
cliyma cells. The sieve tubes measure only .002 to .003 mm. in di- 
ameter and arc associated with companion cells that are even 
smaller. The tube elements are about .121 mm. in length (PL LI, 
fig. 13). 

At nodes the phloem tissue occurs in small bundles wliich are 
separated by rays of parenchyma cells, like extensions from the 
inner cortex. 
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The cortex is variable (PL XLIX, figs. 1, 2, 4) . In cross sections 
taken from internodes there are six or seven layers of rounded cells. 
The subepidermal layer is not collenehymatous and no endodermis, 
as noted above, occurs, but an undulating bast-fiber sheath is one 
or two rows removed from the phloem cylinder. The walls of the 
bast fibers are heavily lignified, in some instances being as thick as 
the diameter of the lumen of the cell. The fibers may be five or 
six deep and then gradually decrease until there is only one. A 
change in the sheath then occurs, for the next cell or two is non- 
lignified and nonfibrous (PI. L, fig. 6). 

Typical cortical cells are large, rounded and active. The proto- 
plast contains a large nucleus and abundant chloroplasts (PI. LI, 
fig. 13). Many of the cortical cells are crystal sacs, large rosette 
crystals forming in the sap cavities (PI. XLIX, fig. 2.). These cells 
have thin walls and measure .039 mm. in diameter. In longitudinal 
sections hypodermal cells are only slightly elongated, while the 
deeper cortical cells are nearly twice as long. The bast fibers are 
twenty times longer than wide. A few small pits occur in the 
walls (PI. XLVIII, fig. 8). 

In cross section, epidermal cells bulge slightly and are also cutin- 
ized (PL XLIX, fig. 6). In surface view they arc roughly rec- 
tangular in outline and measure approximately .113 by .040 mm. 
Stomata are numerous (PL LI, fig. 16) . 

ROOT 

The root of M. verticillata is somewhat anomalous in structure in 
this sense, that elements of the single cylinder of xylem tissue are so 
distributed that they give the impression of normal annulation. 
There are three pseudoannular rings of xylem in cross sections of 
larger roots (PL LI, figs’. 18, 19), although M. verticillata is an 
annual. 

Adjacent to the phloem there are three rows of tracheal tubes, 
some of which measure .042 x .146 mm. in diameter, and are tluire- 
fore the largest elements found in the root. The walls of these tubes 
are thin and have partially or completely lignified walls. In longi- 
tudinal sections, the rims of the dissolved cross walls are remarkably 
distinct. Groups of nonlignified fiber-tracheids, whieli measure only 
.007 to .012 mm. in diameter, are clumped about or between the 
tracheal tubes. 

A cylinder, one to two layers deep, of irregular, small, heavy- 
walled, lignified tracheids follows the above-described tissue. These 
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ceils are elongated spindles^ and it is their arrangement periodically^ 
in ringSj that brings about the pseiidoanniilation. The large, rela- 
tively thin-walled tracheal tubes, embedded in clumps of noiiligi™ 
tied fiber-tracheids follow. In a cross section of root 1.056 mm. 
in diameter, the inner or central ^hinnual ring’’ measures .273 rniii. 
across and its central mass as well as the three or four peripheral 
rows of cells are the small, deeply-lignified tracheids, interspersed 
with the nonlignified fiber-tracheids. The fiber-tracheids have dis- 
tinct cell contents and are, therefore, living cells. In a sense they 
take the place of xylem parenchyma, which does not occur in the 
root (Pi. LI, fig. 18) . 

In macerated tissue the nonlignified fiber-tracheids are seen to be 
narrow and sharp pointed. Some measure .252 x .011 mm., and are 
tlierefore 23 times longer than wide. The numerous pits in the large 
tracheal tubes are heavily bordered and arranged in relatively 
straiglit rows. Tracheal tubes are more numerous than any otliei* 
elements in the xylem tissue. Tlie small, pitted, lignified tracheids, 
measuring .013 x .038 mm., have blunt pointed ends. 

Crystals also occur in the tracheal tubes of the root. They are 
large and simple, but very irregularly formed. In one microscopic 
field five or six crystals have been counted. 

In the same cross section (1.056 mm. in diameter) the cortical 
tissue measures .189 mm. in width. There are eleven or twelve rows 
of parenchyma, the outer layers being only slightly compressed or 
torn. Tlie endodcrmis is not definite, but the two or more inner 
rows of colls have rather thickened walls and measure about .041 
by .018 mm. in diameter, the longer axis running tangentially. In 
longitudinal sections, all cortical cells are somewhat elongated and 
many are two times as long as they are broad. 

As is tlie case in tlie phloem of the stem, the sieve tubes and com- 
panion cells are very small and are massed in small clumps at reg- 
ular intervals. Two or three rows of thin-walled phloem paren- 
(iliyrna cells flank tliese clumps exteriorly and complete a phloem 
cylinder which measures .073 in diameter (PL LI, fig. 19). 
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SUMMARY 

A series of anomolies of growth and structure is to be found in 
members of the families Chenopodiacese, AizoaceaBy Phytoloccacese, 
Nyctaginaceffi, and their well-known congeners. Successive rings 
of distinct vascular bundles appear in the stems and even in the 
root and bring about secondary thickening. An intermediate or 
interfascicular tissue separates the zones of growth (DeBary, 1884). 
Some species of these families, however, have normal growth, for 
example Rivina brasilienses and R. aurantiaca among the Phyto- 
laccacese. With these M, verticillata can be classed, for the root and 
stem, while they show some peculiarities, are not anomolous in the 
above sense. 

Both stem and root of Mollugo, at least in the older portions, ap- 
pear to have annual rings. In the stem the amount of tissue, as well 
as the structure, varies between nodes and internodes, the cortical 
parenchyma being nearly twice as thick at the nodes. The bast 
fibers at internodes appear as a broken irregular cylinder, 1 or 2 
cell layers in thickness. At internodes it forms a more prominent 
cylinder with an undulating margin which varies from 1 to 6 cells 
in thickness, although gaps occur here and there. There are no 
medullary rays. Other tissues of the stem are relatively normal 

In the pseudoannual rings of the root, the zones of tracheal tubes 
are separated from each other by rows of lignified tracheids. The 
units which form the tracheal tubes are heavily pitted, and sharp 
remnants of the cross walls remain. Between the tracheal tubes 
are groups of nonlignified fiber-tracheids which remain alive and 
evidently substitute for xylem parenchyma. 

Simple and compound crystals of calcium oxalate are abundant 
in the mesophyll tissue of the leaf, in the cortical tissue of the stem, 
and are found, not infrequently, in xylem tubes of root and stem. 
Crystal sand occurs in a few of the epidermal cells. The myriad 
minute crystals in the mesophyll generally have definite sliape. 

Anatomical modifications, probably held in common witli more 
highly specialized xerophytic ancestors, are found in the thickened 
leaf whose middle portion is occupied by water-storing parenchyma 
cells, and in the vestigial trichome-bases which occur among the 
typical sinuous epidermal cells. 
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PLATE XL VI II 

. (Free-hand- and Projection Drawings of Mollugo verticillata L.) 

Fig. 1. Seed from mature ovary. 

Pig. 2. Seed with testa removed, showing contained embryo and endosperm 
material. 

Fig. 3. Old flower, carpels and central placenta, etc. 

Fig. 4. Mature flower, sepals rcflexed to show stamen. 

Fig. 5. Epidermis from stem {X1S5). 

Fig. 6. Mollugo verticillata L. 

Fig. 7. Mesophyll cells — crystal sacs (X185). 

Fig. 8. Sclerenchyma cells from stem. Macerated tissue (X 185). 

Fig. 9. Mesophyll cells adjacent to large vein (XIAO). 

Fig. 10. Venation of leaf tip (X 140). 

Fig. 11. Upper epidermis (X185). 

Fig. 12. Epidermis over midrib (X IS^)- 

Fig. 13. Upper epidermis, cross section, upper wall cutinized (X-100). 

Fig. 14. Probable vestigial epidermal base of trichome fX 185). 

Fig. 15. Lower epidermis. Cross section through stoma (Xl60). 

Fig. 16. Lower epidermal cells (X185). 
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PLATE XLIX 

(Photomicrographs of Stem) 

Fig. L Cross section of stem through region of node, second from starting 
point (X22). 

Fw. 2. Cross section of stem just above node. Note abundant cortica! 
tissue (X22). 

Fiq. 3. Cross section through node, showing traces of three lateral branches 

(X22). 

Fig. 4. Cross section of stem from 4th internode (X39). 

Fig. 5 . Cross section of stem at node, showing broken bast fiber ring 
(X105). 

Fig. 6. Portion of Fig. 4 more highly magnified. Bast fibers 5 to 6 rows deep 
(X95). 

Fig. 7. Cross section through large stem at internode. Pseudoannual rings 
evident (X95). 
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PLATE L 

(Photomicrographs of Flower, Leaf, ele.) 

Fig. S. Rosotle crystals and siinph' rhoinholiedral crystals iu tissue of leaf 
cleared in chloral hydrate (X 126). 

Fjg. 9. Longitudinal section through flower. Central placenta, short style*, 
seeds in carpels, etc. The outer seed coat is l)cc.oining ciitinii!('d 
(X 60 ). 

Fig. 10. Cross section of flower showing loci and arrangement of sepals, 
carpels, placentae, etc. (X 80). 

Fig. 11. Upper third of leaf showing crystals in the cortical tissue (X 112). 
Cross section of petiole. 

Fig. 12. Cross section of leaf. Note thickness due to water-storage par- 
enchyma, and depression over midrib (X 115). 
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PLATE LI 

(Pliotomicrographs of Tissues of Stem, Root, ek;.) 

Fig, 13. Longitudinal section through phloem and cortical (issue. Sieve 
tube is four cells removed from the cortex (X 372). 

Fig. 14. Longitudinal section through protoxyieni and nietaxyleiu of stem 
(internode, X372). 

Fig. 15. Longitudinal section of stem showing crystal sand in xylem duct 
(X89). 

Fig. 16. Stomata in epidermis of stem (X120). 

Fig. 17. Bordered pits in the walls of tracheal tube and adjacent tracheids 
(X372). 

Fig. 18. Cross section of large root showing pseudoannual rings, etc. 
(X130). 

Fig. 19. Cross section of root showing origin of secondaiy rootlet (X 130). 
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Abstract: Lygodemiia juncea (PurelO D. Don., a Composite, has small 
leaves. Stomata occur on both surfaces. The stomata of the aboveground 
stem are almost as numerous as those of the leaf. The aboveground stem has 
a palisade chlorenchyma which is significant in photosynthesis. 

The tissue organiiiation of the aboveground stem, underground stem and 
root are discussed. Laticiferous tubes traverse the length of the plant as a 
continuous anastomosing system occurring in the phloem and pericycle. An 
outstanding characteristic of this plant is that the leaf trace has two origins: 
(a) the part which forms the midrib of the leaf is derived from a bundle of 
protoxylem tubes which swing sharply out and pass directly into the leaf; (5) 
the part which forms the primary veins parallel to the midrib is derived from 
protoxylem tubes that come out from tire xylem cylinder considerably below 
the leaf insertion. 

Resin is found in the laticiferous tubes, parenchyma cells of leaf, cortex of 
the stem and tracheal tubes of the root. Glucose is present throughout, but 
is most abundant in the leaf and aboveground stem* A glucoside, lygodesmin, 
occurs in the root, stem and leaf. Saccharose is present only in the above- 
ground stem and leaf. 

Various points in the paper are illustrated with thirty-one projection draw- 
ings and fourteen photomicrographs. 


CLASSIFICATION AND DISTRIBUTION 

L ygodesmia juncea (Pureh) D. Don. belongs to the Chichorias 
tribe of the Composite. According to Gray (1908) Lygodesmia 
is derived from two Greek words, lugos, a pliant twig, and desme, 
a bundle, from the fascicled twiggy or rushlike stems. L. juncea 
is the type species of the genus. Britton and Brown (1913) relate 
that about six species are natives of western and southern North 
America, but they describe only two species, L. juncea (Pursh) D. 
Don. and L. rostrata Gray, the former inhabiting the plains from 
28—3482 
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Minnesota to Saskatchewan, Wisconsin, Missouri, Nebraska and 
Arizona and the latter occurring on plains and in canyons from 
South Dakota to Saskatchewan, Nebraska, Kansas, Colorado and 
Wyoming* 

Coulter and Nelson (1909) give four specaes: L. T- & 

G., L, Spmosa Nutt, and tlie two above'-incntioned s{)e(.iii,is, Tliey 
say that L. spinma is distributed on gravelly hills and plains from 
eastern Oregon to California, Nevada and Idaho, and tliat L. grandi- 
flora is distributed on gravelly hills in Wyoming and Colorado to 
Utah. 

Chapman (1897) mentions only one species, L. aphylla D C,, as 
occurring in the southern United States, specifically on dry, sandy 
pine barrens in Georgia and Florida. 

HABITAT AND GENERAL MORPHOLOGY 

Lygodesmia juncea grows in sandy soils on hills that are exposed 
to the sun and on sandy plains. The particular plant upon which 
this work is based was collected by Prof. W. C. Stevens in August 
in northeastern Kansas on a bluff near the Missouri river. 

This species is a perennial. The stiff, glabrous, striate, much- 
branched stems are from 2 to 4 dm. high. The diameter of the main 
branches at their bases is about 2.5 mm. The stem gradually tapers 
toward the apex, the average diameter there being 0.5 mm. The 
average length of the internodes is 2 cm. 

The leaves are rigid, sessile and opposite. The lower leaves are 
acutely linear-lanceolate and entire. The average width of the 
basal leaves is 3.5 mm. and the average length is 4.5 cm. The upper 
leaves are smaller, averaging 0.5 mm. in width at the base and 2 
mm. in length, or they may be reduced to subulate scales. 

The underground stem extends to a considerable depth below the 
surface. Its diameter ranges from 2 to 3 mm. The internodes are 
about 2.5 cm. in length. At the nodes are opposite, scale-like leaves 
which average 4 mm. in width at the base and 7 mm. in lengtli. The 
scale gradually tapers, forming an acute apex. 

MATERIALS AND METHOD 

Several methods of procedure were followed in preparing the tissue 
for microscopic examination. The specimen had been preserved in 
thirty per cent alcohol Small pieces of the stem, root and leaf w^ere 
dehydrated and embedded in paraffin by the N-butyl alcohol method 
of Zirkle (1930) and then cut in cross and longitudinal sections 
varying from ten to forty microns in thickness. Tlie leaves and 
some of the stem sections were cleared in chloral hydrate. 
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Three reagents were used for the kinds of cell walls: Sudan III 
for ciitinized and siiberized walls, chloroiodide of zinc for cellulose 
walls, and phlorogliicin and hydrochloric acid for lignified walls. 
For cell contents Fehling’s solution was used for glucose, and sul- 
phuric acid and Fehling’s solution for glucosides. Czapek (1897) 
and Hoffmeister’s (1898) .invertase method was used for saccharose. 
To distinguish between fats and resins the saponification test of 
Moenikes (1924) was run and several solvents, such as alcohol and 
carbon disulphide, were used. 

Sections for photomicrographs were dehydrated and cleared in 
toluol, and tlien mounted in hyrax. Exposures varying from fifteen 
seconds to three minutes with an arc light illuminant were made on 
hard-surfaced sensitized paper, giving a negative print. The draw- 
ings were made with an arc-light projectoscope. 

ABOVEGROUND STEM 

The stem has two kinds of epidermal cells. Those over the bast 
fibers are vertically elongated and rectangular with regular margins 
and have no stomata (PI. Lll, fig. 1), while tliose over the chloren- 
chyrna are iTJatively large with irregular margins and have stomata. 
The outer cell wall of the epidermis, as seen in cross section, is 
slightly convex, and tlie inner wall is flat. The radial diameters of 
the cells average 0.02 mm. and the tangential diameters vary from 
0.025 mm. to 0.05 mm., the shortest cells being in front of the bast 
fibers. The epidermis has a thin cuticle and the outer cell walls are 
cutinized about half across. These w’^alls are 0.006 mm. thick, but 
the inner and radial walls are thinner and are cellulose throughout. 
The average number of stomata per sq. mm. over the entire surface 
of the stern is thirty. In areas between the bast fibers the average 
is forty-five per sq. mm. 

The parenchyma of the cortex is in the form of palisade chloren- 
chyina (PL LII, fig. 15), three to four cell layers thick, the diameters 
of the cells averaging 0.016 mm. tangentially and 0.039 radially. 
The walls are cellulose and, very thin. Along with chloroplasts are 
droplets of resin. Bundles of bast fibers alternate with patches of 
chloreneliyma of the cortex (PL LIV, fig. 2). The bast fibers are 
lignified and are 0.007 mm. thick and from 2 to 2.5 mm. long (PL 
LII, fig. 3). 

Beneath the chlorenchyma of the cortex is a definite endodermis 
(PL LV, figs. 3 and 4, and PI LIV, fig. 2) whose cells have radial 
diameters of 0.017 to 0.025 mm. and tangential diameters averaging 
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0.04 mm. The walls are cellulose and are 0.002 mm. thick. The 
endodermis contains droplets of resin (PL LII, fig. 19), 

Bast fibers also occur in. the pericycle just beneath the bundle of 
bast fibers in the cortex (PL LIV, fig. 2). These are thicker walled 
than those of the cortex. 

According to Col (1904) the secreting system is found existing 
in three distinct forms in the Compositae: (1) anastomosing latex 
tubules, (2) secreting canals, and (3) cells secreting latex. The 
form existing in this stem is of tlie first type. The tubes form a 
much-branched anastomosing system throughout the phloem and 
pericycle (PL LIU, fig. 9) and contain a resinous secretion. 

The vascular tissue is in the form of a cylinder surrounding a 
relatively large pith. The phloem elements are very minute with 
correspondingly thin walls. The parenchyma cells are isodiametric 
in cross section, having an average diameter of 0.013 mm. The 
sieve tubes give a distinct protein reaction. 

The xylern cylinder is composed of two distinct parts (PL LIV, 
fig. 2) : that part which contains the protoxylem points and is rela- 
tively broad radially, having protoxylem, metaxylem and second- 
ary xylem, is made up of tracheal tubes, xylem parenchyma, and 
fiber-tracheids ; and that part which is radially narrow, embracing 
metaxylem and secondary xylem only, is made up of xylem paren- 
chyma cells (PL LIII, fig. 3) which are 0.08 mm. long and 0.02 mm. 
wide in longitudinal section, and fiber-tracheids which are 0.2 mm. 
long and 0,01 mm. wide. The tracheal tubes have thick, pitted^ 
lignified walls (PL LIV, fig. 3) and have an average diameter of 
0.058 mm. The protoxylem tubes average 0.016 mm. in diameter. 

The leaf traces have two origins. Those vascular elements which 
form the midrib of the leaf come from the primary xylem and are 
composed of protoxylem only (PL LIII, fig. 2). These bundles of 
protoxylem pass up the stem and make an abrupt turn out into the 
leaf, while those which enter the leaf on eitlier side of the midri!) 
pass out from the xylem considerably below the leaf insertion, 
travel up the stem just under the phloem, then, passing out througli 
the phloem and pericycle, ascend beneath the endodermis (PI. LIII, 
fig. 5) and finally pass out into the sessile leaf and continue on 
either side of the midrib about twm-thirds the length of the leaf. In 
Plate LIII, figure 1 the relation of the two origins of the leaf traces 
are represented. 

The spiral tubes of the traces on either side of the midrib have 
an average diameter of 0.011 mm. They are found in cross sections 
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of stems just beneath the phloem, in the phloem and pericycle, and 
just beneath the endodermis, singly or in bundles of from two^ to 
four strands. 

The parenchyma cells nf the pith are smaller near the periphery 
and larger near the center. The cell walls are slightly lignifiecl 
The cells are isodiametric in cross section, and their diameters vary 
from 0,09 to 0.16 mm. This part of the stem contains glucose, 
saccharose and a glucoside which we have called lygodesmin. 

The stem is infested by an insect larva which causes a globose 
gall varying from 5 mm. to 8 mm. in diameter. The galls are in 
groups of from two to ten on one side of the stem. The epidermal 
cells (PL LIV, fig. 4) of the gall are similar to those of the normal 
stem, but smaller, and the outer cutinized walls thinner. Beneath 
the epidermis of the gall is a layer of chlorenchyma containing 
cliloroplasts and resin. This layer is thinner than the corresponding 
layer of the stem and contains no bast fibers. Just beneath the 
rather indistinct endodermis in the parenchyma of the pericycle 
there is a system of anastomosing latex tubes filled with resinous 
material. These tubes seem to l)e scattered promiscuously through 
the gall, following the vascular system until they reach the tissue 
surrounding the insect larva. Here they form a network around 
the entire cavity. Tlic vascular system in cross section is arranged 
in bundles near the periphery, which run in various directions 
through tlie stele. The bulk of tlie gall has been formed by the 
proliferation of the parenchyma cells of the stele, which are smaller 
than the corresponding cells of the stem. The cell walls of the outer 
layer of pith cells are lignifled, but the inner layers of cells have 
cellulose walls. The inner cells are broken down, forming a cavity 
in wliich the insect resides, Kiister (1911), the eminent authority 
on galls, docs not mention this one. 

LEAF 

The leaf is parallel veined (PL LII, fig. 11) with anastomoses 
between the veins. In surface view tlie upper and lower epidermal 
cells of the leaf vary in size and shape, but have almost even margins 
(PL LII, figs. 7 and 9). The epidermal cells over the midrib and 
veins are elongated, rectangular cells with regular boundaries (PL 
LIV, figs. 7 and 8). In cross section the cells of the upper and 
lower epidermis are about the same size, averaging 0.03 mm. in tan- 
gential diameter and 0.026 mm. in radial diameter. The outer walls 
of both are partly cutinized, but those of the lower epidermis are 
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slightly thicker than those of the upper (PL LII, figs. 13 and 18). 
The radial walls are thinner than the outer walls and the inner walls 
are the thinnest. 

Stomata occur on both sindaces of the leaf. The openings arc 
elongate-elliptical in outline and measure 0,02 mm. in length. Thc:^ 
stomata are only slightly more numerous on tlic lower c^pidermis 
than on ttie upper, averaging 53 per scf. mm. on tlio lower and 51 
per sq. ixixn. on tlie upper. 

Just beneath tlie lower epidermis is one row of interrupted iso- 
diametric collenchyma cells. These cells also occur at the margins 
of the leaf and are especially prominent beneath tlie midrib and 
primary veins (PL LV, fig. 1). The palisade cells are on each side 
of the leaf in two-cell layers. The cells are about tliree times as 
long as broad and, in addition to the chloroplasts, contain frequent 
droplets of resin. 

The parenchyma sheath of the veins contains resin, and besides 
functioning in connecting the vascular system with the other tissues 
it has a considerable water-storage capacity. 

The laticiferous tubes (PL LIII, fig. 7) follow the veins outside of 
the parenchyma sheath and form a network between the veins. 
De Bary (1884) states that in the ribs of leaves the main trunks 
of latex tubes lie chiefly in the tissue bordering the phloem portions of 
the vascular bundles, following the longitudinal course of the latter, 
and as seen in cross section are scattei'ed without strict regularity 
among the surrounding parenchyma. This is correct for this leaf. 
As in the stem, the tubes are filled with resinous materiaL Glucose, 
a glucoside, an abundance of saccharose, and resin are found in the 
leaf. 

UNDERGEOXJND STEM 

The outer cell walls of the epidermis are cutinisied and thinner 
than the corresponding cell walls of the aboveground stem. In 
cross section the radial and tangential diameters of these cells 
measure about the same, being about 0.02 mm. There is one row 
of collenchyma cells just beneath the epidermis (PL LII, fig. 17), 
which is the only strengthening tissue of the cortex. 

The cortex, excluding the collenchyma, is made up of about nine 
layers of parenchyma cells with lignified walls (seen in cross section 
in PL LIV, fig. 1, and in longitudinal section PL LV, fig. 5). The 
diameters^ of the cells vary from 0.03'3 to 0.05 mm., the smaller ones 
being near the periphery. Following this are three layers of cork 
cells (PL LV, fig, 5) which have originated from the cells of the 
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pericycie. The tangential diameter of these cells is 0.03 mm. and 
the radial diameter is 0.012 mm. The cell walls are siiberized» 

The parenchyma cells of the pericycie have thin cellulose walls. 
The latex tubes (PL LIII, fig. 8) form a richly anastomosing system 
extending out into the pericycie, but are more muiieroiis in the 
'phloem. The pdiloem is otherwise composed of phloem parenchyma 
and sieve tubes. 

The xylem tissues form a continuous cylinder around the pith (PL 
LIV, fig. 1) . Tlie cylinder is composed of two parts, as in the above- 
ground stem: metax3rlem parenchyma cells and fiber tracheids 
alternating with groups of metaxylem subtended by the protoxylem. 
The parenchyma cells of the pith in cross section are large, iso- 
diametric cells with lignified walls. 

The anomalous protoxylem tubes are also found in the under- 
ground stem, coming out from the xylem, traveling up the stem just 
outside tlie xylem cylinder, crossing through the phloem and peri- 
cycie, and up the stem under the cork cells. 

The gliieosidc, lygodesmin, is abundant in the parenchyma cells 
of the cortex. Glucose is not as abundant as in the leaves and 
aboveground stern, and saccharose is not present. 

ROOT 

In the root section sliown in Plate LIV, figure 5, cork cells have 
been formed and have cut off all the cells outside the pericycie. The 
cell walls of this tissue are thin and suberized. In cross section the 
cells have a radial diameter of 0.02 mm. and a tangential diameter 
of 0.05 mm. 

Beneath the cork cells are parench^una cells of the pericycie with 
thill, cellulose walls. Tlie latex tubes form a network (PL LII, fig. 

4) extending out into this layer of cells and into the phloem, being 
more numerous in the phloem. According to Col (1904) the laticif- 
eroiis tubes in tlie Compositse are always situated in the pericycie of 
the stem, in the primary phloem of the root, and in the secondary 
phloem of both tliese organs. This plant is an exception in that the 
laticiferous tubes occur in the pericycie and phloem of both the root 
and stern. Moeiiikes^ (1924) statement that in all the composite 
no mucilage is laid down in the secretion passages is not contradicted 
by this plant. 

The xylem tissues of the root are divided into wedges by rays 
which vary from one to three cells across tangentially (PL LIV, fig. 

5) . The ray cells (PL LTII, fig. 6) are about twice as long radially as 
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tangentially. They have thin cellulose walls. The diameters of 
the tracheal tubes are larger than those of the stem (PL LII, figs. 
5 and 6) ^ varying from 0'.033 mm. to 0.083 mm. Some of the tracheal 
tubes next to the phloem are filled with resinous material (PI. LII, 
fig. 16) similar to that in the latex tubes. Tlic protoxylem elements 
have a rather compact spiral and arc about the same size as tliose 
of the stern. Between the tracheal tubes throughout the xylcm are 
parencliyma cells and fiber tracheids. The anomalous protoxylem 
tubes are found occasionally in the root in the pericycle just beneath 
the cork cells. Glucose and a glucoside are present in the root, but 
no saccharose was found. 

SUMMARY 

Lygodesmia juncea (Pursh) D. Don., a member of the Composite, 
is a rush-like perennial about 4 dm. high. There arc six species of 
this genus native of the United States. 

The upper and lower epidermis of the leaf and the epidermis of 
the aboveground stem ai^e very much alike, having alternating longi- 
tudinal rows of irregular cells with stomata and of rectangular cells 
without stomata, the latter overlying and underlying the main veins. 
Again, the parenchyma cells of the cortex of the stem are similar 
to the parenchyma cells of the leaf in character of walls, shape, 
chloroplasts, and resin content. 

The stem above ground is the only part of tlie plant that has bast 
fibers, which occur in the cortex and pericycle. The stem is infested 
by an insect larva which causes a globose gall. 

Laticiferous tubes traverse the entire body of the plant as a con- 
tinuous anastomosing system occurring in the pldoem and pericycle. 
The tubes are filled with resinous material. 

As to cell contents, resin is the most abundant material, since it 
is found in the laticiferous tubes of all organs of the plant, in ihe 
parenchyma cells of the leaf, the cortex of the stem, and the tracheal 
tubes of the root. Glucose is present in all the organs, l)iit is most 
abundant in the leaf and in the aboveground stem. A glucosid(% 
lygodesmin, occurs in all of the organs. Saccliarose is present only 
in the aboveground stem and in the leaf, being most [ibundant in 
the leaf. The phloem contains protein. 

The outstanding characteristic of this plant is that the leaf trace 
has two origins: (1) a part which forms the midrib is derived from 
a bundle which separates from the vascular system of the stem and 
swings abruptly outward into the leaf, and (2) a part which forms 
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the primary veins parallel to the midrib, the , tracheal elements of 
these veins being protoxylem tubes which separate from the vascular 
cylinder of the stem considerably below the leaf insertion, pass up 
the «tem outside the xylem cylinder, cross through the phloem and 
pericycle, ascend the stem beneath the endodermis for some distance, 
and then pass out into the leaf. 

In conclusion, the writer wishes to express her appreciation to 
Prof. W. C. Stevens for his suggestions, helpful criticisms and ad- 
vice during the entire progress of this investigation. 
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PI.ATE LIJ 

Pko.i ACTION Draw ns (iS of l4/{}odj‘smm juncm (Pnrsli) 1). Don. 

Fio. 1. Epifler-rnis of the; abovop;roirnd i^.teni (X 140). 

Fig. 2, Cross section of the pith cells of the al)Ove.a;roiind stern (X MO). 

Fig. 3. Bast fiber from the aboveground stem (X40). 

Fig. 4, Laticiferoiis tubes of the root (X40). 

Fig. 5. Fjlements from metaxylern and protoxylem of the root (X 140). 

Fig. 6 . E)lements from metaxylern and protoxylem of the aboveground 
stem (X140). 

Fig. 7. Upper epidermis of the leaf (X140). 

Fig. 8 . Longitudinal section of the pith cells of the aboveground stem 
(X140). 

Fig. 9. Lower epidermis of the leaf (X 140). 

Fig. 10. Tip of the leaf (X8). 

Fig, 11. Base of the leaf, showing parallel veins (X8). 

Fig. 12. Cross section of the cork cells of the root (X140). 

Fig, 13. Cross section of the upper epidermis of the leaf, showing a stoma 
(X140). 

Fig. 14. Cross section of the metaxylern tracheal tubes of the root (X 140). 

Fig. 15. Cross section of the parenchyma cells of the cortex of tlie aliove- 
ground stem (X 1S5). 

Fig. 16, Semidiagrammatic drawing from the cross section of the root, 
showing some xylem tubes filled with resin (X 17). 

Fig. 17. Cross section of the epidermis and collenchyma of the underground 
stem (X 185)- 

Fig. 18. Cross section of the lower epidermis of a leaf, showing a stoma 
(X140). 

Fig. 19. Cross section of the endodermis of the aboveground stem, showing 
resin in the cells (X 18^)* 

Fig. 20. Cross section of the parenchyma cells of the cortex of the under- 
ground stem (X 185). 

Fig. 21. Cross section of cork cells of the underground stem (X 140), 

Fig. 22. Cross section of a bundle of bast fibers from the abovegi’ound stem 
(X140). 
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PLATE LIIl 

Projection Drawings 

Fig. 1. Seinidiagrammatic drawing of a cross section of the abovegimmd 
stem, showing a leaf gap, midrib trace, and protoxylem tubes passing out of 
the pericycle to enter veins parallel to the midrib (X 8). 

Fig. 2. Semidiagrammatic drawing of the longitudinal section of the above- 
ground stem showing a leaf and branch gap, a midrib trace, and protoxylem 
tube in the pericycle (X IS)- 

Fig. 3. Longitudinal section of xylem parenchyma cells of the aboveground 
stem (X14h). 

Fig. 4. Longitudinal section of the pith cells of the underground stem 
(X185). 

Fig. 5. Semidiagrammatic drawing of the longitudinal section of the above- 
ground stem showing a protoxylem tube which contributes to a vein parallel 
to the midrib, passing through the xylem, the phloem, and the pericycle, and 
up the stem under the endodermis (X 120). 

Fig. 6 . Cross section of the ray cells of the root (X 185). 

Fig. 7. Laticiferous tubes of the leaf (X40). 

Fig. 8 . Laticiferous tubes of the underground stem (X4.0). 

Fig. 9. Laticiferous tubes of the aboveground stem (X40). In the semi- 
diagrammatic drawings 1, 2 and 5 the xylem is shaded with parallel lines, th(‘ 
phloem and pericycle are stippled, midrib trace is cross-hatched, and the 
protoxylem tubes are solid black. 
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PLATE LTV 

PHOTOMiaiOGRAPHS OF B-OOT'AND StEM SECTIONS AND EpIDERMIS 

Fics. 1. Cross section of the underground stem (X30). 

Fio. 2. Cross section of the aboveground stem (X30), 

Fia. 3. Longitudinal section of the aboveground stem, showing the pith, 
protoxylem, and metaxylem (X 105). 

Fig. 4. Cross section of a gall (X30). 

Pig. 5. Cross section of root (X25). 

Fig. 6 . Epidermis of the aboveground stem (X30). 

Fig. 7. Lower epidermis of the leaf (X30). 

Fig. 8. Upper epidermis of the leaf (X30). 
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PLATE LV 

Photomiceoobait-is op Leap and Su'em Sections 

BYg. L Cross section of a leaf (X^O), 

Fig. 2. Cross section of a leaf, showing a stoma in the lower epidermis 
(X 105). 

Fig. 3. Longitudinal section of aboveground stem, showing the protoxylem 
tubes just beneath the endodermis (X 105). 

Fig. 4. Longitudinal section of the aboveground stem, showing a stoma, 
chlorenchyma, endodermis, one or two rows of pericycle cells, and protoxylem 
tubes just inside the phloem (X105). 

Fig. 5. Longitudinal section of underground stem (X30). 

Fig. 6 . Longitudinal section of the underground stem, showing the phloem 
and metaxylem (X 105). 
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Comparative Anatomy of Mentzelia oligosperma and 
M. decapetala 

(Contribution from the Botanical Laboratories of the University of Kansas) 

W. E. BOOTH 


Abstract: The gross morphology of the two species and detailed account 
of their microscopic anatomy are given. Microchemical tests are reported 
showing the kinds of cell walls and cell contents. The principal anatomical 
difrerences between the two speciovS are pointed out. The two species are shown 
to be alike in the origin of the i)hellogen of stem and root, growth in diameter 
of pericycle of root and stem, silicified trichomes, predominance of wood 
fibers in the xylem, and in fatty oils and proteins in the endosperm of seeds. 
The species are shown to differ in stored corbohydrates— starch in oUgospenm, 
gluGosides in decapetala — in the presence of palisade cells in the cotyledons of 
oUgospenm and their absence in decapetala, in tlie smaller average of ceil 
size ill oligosperrria, and in unlike character of stone cells of the seed testas. 
The paper is illustrated by plates embracing thirty-two drawings, fifteen 
photomicrographs and two habit photographs. 


GEOGRAPHICAL DISTRIBUTION 

Mentzelia oligosperma Nutt, Menizelia decapetala (Pursh) Urban and Geig, 

M entzelia. m a member of a comparatively small family, 
Loasacea), which is clmracterized particiilaidy by stinging 
()i‘ l)arbed hairs, and a flower structure similar to that of the cacti. 
Tliis genius is the only representative of its family found in this 
region (4), except for species formed by a division of the above 
species (5), 

Mcfitzelia was named by Linnaeus in 1753 for Mentzel, a German 
botanist (1). Only two species of Mentzelia are known to be in our 
range (Kansas), but twelve species are described for the Central 
Rocky Mountain region (2), and thirty-four in that part of the 
United States north of New Mexico (3). 


(439) 
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Collections of M. oligospenm were made by Prof. W. C. Stevens 
and by the author from a limestone bluff (Botany Bluff) located 
five and one-half miles northeast of Lawrence. The presence of tins 
plant is quite uncommon except on limestone banks or talus slopes, 
where it may be found in some abundance. The specimen of M. 
deoapeiula used in this study was colleetcai during August by Pro- 
fessor Stevens in Barber ccnmty, Kansas. Its habitat was that of 
a gently rolling xeric prairie. 

The distribution of M. oligospenmi is primarily that of the great 
plains region. Throughout this region it may truly be classified 
as a xerophyte. In the eastern extremity it inhabits rocky banks, 
growing side by side with typical mesophytic plants, but its liabii 
of growth clearly indicates that of a low water requirement. 

The range of M, decapetala is similar to that of M. oligosperma. 
It does not extend as far east, however, and is found as far north as 
Saskatchewan. Although the distribution of M. deoapetala has been 
described as extending east as far as Iowa (4), no' specimens are 
recorded in the herbarium of the University of Kansas from the 
eastern part of this state. Its presence is quite evident in the 
western part of Kansas, and has been found as far east as the central 
part of the state. 

GENERAL MORPHOLOGY 

M. oligosperma (stick leaf) grows from 3 to 9 decimeters in 
height and is highly branched. The type of branching which is 
quite characteristic of this plant is sometimes described as dichoto- 
mous (2). Upon examination, however, it is quite evident that the 
main axes, 3 to 5 dm. in height, possesses a racemose monopolial 
system of branching. The further growth in height of this shoot 
of the first order is arrested by the formation of a single terminal 
inflorescence. Just below this terminal inflorescence, three lateral 
branches of equal strength usually arise. These tliree lateral 
branches in turn divide repeatedly, presenting an appearance vc^ry 
much like a cymose monopodial inflorescence. The shoots of the 
second order, however, do- not terminate in inflorcscens, as it at 
first appears, but rather give rise to lateral shoots, of tlic tliird 
order, which are of nearly equal strength with fruit in the axes, the 
shoots of the second order proceeding in an oblique direction. There- 
fore, those parts of the shoot formed by the triple branching of the 
main axis also present a true monopodial racemose branching. It 
is very common to find shoots of the fifteenth order represented on a 
plant measuring about 6 dm. in height. 
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The oval-shaped leaves of M. oligosperma are comparatively 
smallj with coarsely dentate margins. The lower leaves are short 
petioled and narrowed at the base. The upper sessile leaves are 
somewliat broader and have a truncate base. The flowers are com- 
posed of five yellow petals, five sepals, many stamens, and an 
iiiferior one-cellcd ovary, which develops into a linear capsule. 
Capsules collected in this locality showed the number of seeds per 
capsule not to exceed three ; however, plants have been reported wdth 
(‘apsides containing nine seeds. 

The mode of dehiscence, which is often described as occurring at 
the summit, is somewhat different from the common type of opening 
by pores. The tissue which completes the capsule wall at the sum- 
mit is very different in nature from that below it and upon maturity 
may fall out, leaving an opening through which seeds might escape. 
However, tissue at the summit of the capsule does not usually fall 
out easily, and this is of value in dispersal of the seeds into other 
localities. The capsule, because of an abcission layer, is easily re- 
moved from the plant and may be carried on the coats of animals. 
Later, due to freezing and thawdng or to seed germination, this tissue 
is loosened and falls out. 

The root system is unextensive and much reduced, except for a 
short, fleshy, primary root. Both primary and secondary roots are 
often distorted, because of the rocky soil in which they grow, but in 
general they extend themselves parallel with tlie surface of the 
ground in the uphill direction. 

M. decapetala is larger than M. oligosperma in its parts, but 
seldom grows to a height of more than six decimeters. The branches, 
which arise from a woody root, are sparsely branched and often 
terminate in a flower. The arrangement of leaves on the stem is in 
spiral fashion, witli an approximate two-fifths pliyllotaxis. The 
lower leaves are sliort petioled and are somewhat lanceolate in 
shape. Tlie upper Icaives are sessile, and as they near the apex of 
tlie shoot tlicy are l)roader and not so long. Hypsophylls are ciuite 
numerous below the flowers and are very leaflike in form. In a 
developmental stage tliey compare very closely to the same stage of 
the foliage leaf foraiation. The deeply cleft margin fopnd in both 
hypsophylls and foliage leaves remains deeply cleft in the iiypso- 
pliylls, while the margin of the foliage leaves are widely and coarsely 
dentate. 

Much larger and more conspicuous flowers than obtain in If. 
oligosperma are characteristic of M. decapetala. These flowers 
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regularly open more or less widely in the evening, and are commonly 
from six to eight centimeters broad. They have five sepals, ten 
petals, and many stamens. The ovary is inferior and develops into 
a many -seeded capsule, which dehisces at the summit. 

The main root which extends nearly parallel to the surface of the 
ground in only one direction is common, as is also true of M. o/zigos- 
perma. This root system is probably more extensive than that of 
M. oligospermaj but in form is very similar. 

MATERIAL AND METHODS 

Specimens upon which this study was based were collected during 
August and September. In order to prevent excessive wilting the 
plants were wrapped in moist sphagnum, and, as soon as they 
reached the laboratory, they were preserved in thirty per cent 
alcohol. 

Microchemical tests were made from material preserved in thirty 
per cent alcohol. All parts to be sectioned for photographing and 
for finer study of structure were first desilicified by full-strength 
hydrofluoric acid for a week; then washed, put through a gradual 
series of butyl alcohol and embedded in paraffin. The sections to 
be photomicrographed were mounted in hyrax, and negative prints 
made on number thirty-one, hard, single-weight photographic paper. 

All drawings were made by the aid of a projectoscope from both 
sectioned and macerated materials. 

Standard microchemical tests (6) were used, with few exceptions, 
in the determination of plant products present. The Czapek in- 
version test (7) was used in testing for glucocides, and the presence 
of hemicellulose was demonstrated by dissolving it in a three per 
cent solution of potassium hydroxide (9). 

COMPARATIVE ANATOMY 

Within the genus Mentzelia very little anatomical researcli has 
been published prior to the time of this study. Investigations liavc 
been carried on by G,ilg in reference to types of epidermal Imirs 
present in the family Loasaceas, and by Solereder (8), who also de- 
scribes epidermal hairs and vascular bundles in M, dbescms and 
M, ptmila. 

Mentzelia oligosperma 

Stem. The epidermis, along with several rows of cortical cells, 
break away from the stem proper after the formation of a phellogen 
by the pericycle. This layer of dead tissue sheaths tlie stem and 
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presents a grey, shaggy appearance, which is very characteristic 
(PL LVIII, fig. 2). The epidermal cells are in face view somewhat 
rectangular in shape, but in cross section appear as if crushed. 
Tlie cell walls are relatively thin, the outer being, but slightly thicker 
than the inner walls. Unicellular epidermal hairs of three general 
types are regularly present in the epidermis, averaging seven hairs 
per sciuare millimeter. About 43 per cent of the number present are 
long, reflex-barbed hairs (PL LVI, fig. 1). The barbs are usually in 
definite rows, and at the apex are five reflexed barbs which in face 
view appear star-shaped. Forty-three per cent are short hairs, 
usually without barbs except at the apex (PL I, fig. 3), The re- 
maining 14 per cent are long-pointed hairs with barbs which point 
outward and toward the apex (PL LVI, fig. 2). These hairs are 
often quite long, measuring from .7 to 1.0 millimeter in length. The 
cell walls of the three types of hairs represented ai^e of strongly 
silicified cellulose. Around the base of the long-type hairs a single 
ring of subsidiary cells is commonly present, and these cells are also 
often silicified (PL LVI, fig. 5; PL LVIII, fig. 8). 

The epidermis and underlying cortical cells, which are not entirely 
sloughed off, undoubtedly serve as a protection. In addition to this 
protection a well-formed periderm is present, which develops im- 
mediately on the inner side of the pericyclic fibers. Specimens col- 
lected early in September had a phellem consisting of not less than 
two cells in thickness even on the youngest branches. The phel- 
logeii, at the time of collection, had ceased activity, and all cells of 
the phellem were equally well suberized. 

The pericycle, which is disrupted by the formation of a phello- 
derm, is composed of cells of three types: parenchyma, pericyclic 
fibers, and stone cells (PL LVII, fig. 7). The pericyclic fibers, 
whicli are situated at tlie extreme outer edge of the pericycle, are, 
upon formation of a phcllogen, separated from the rest of the peri- 
v,ydi\ On mainre stems oeeasional fibers may still be seen clinging 
to tlie first-forined cells of the phellem. Longitudinal rows of stone 
cells occur at irregular intervals, usually two or three rows of cells 
being grouped togetlier. Both pericyclic fibers and stone cells are 
liighly lignified. 

A narrow band of phloem, which is somewhat crushed in places, 
surrounds the cylinder of xylem. The sieve tubes are quite promi- 
nent in the uncrushed areas, but sieve plates seemingly are few in 
number. 

Tlic secondary xylem can be distinguished from the primary 
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xylem by the fact that the cells of the secondary xylein are very 
regularly formed, which is not so true of the primary xylein; also 
the cells are not so large in diameter in the secondary xylem. 
Tracheal vessels an' comparatively few in number and have an ir- 
regular distribution throughout the xvIc'ml Thc'y are rc'presented 
by s])iral and scalarif()rm types of secondary tliickening in the pri- 
mary xylem, and by reticailate and reticulate-|)itted in tlie secondary 
xylein. The l)iilk of tlic wood is composed of wood filx'rs and 
tracheids (PI. LVII, figs. 4 and 6), no parencliyrna being present. 
The comparative numbers of fibers and tracluids present seem to 
be sliglitly in favor of tracheids in both primary and secondary 
xylem; however, the tracheids are very fiberlike in form (PI. LVII, 
fig. 4) , especially in the secondary xylem. 

Parenchyma cells, occupying the central position in the stem, are 
large cells with diameters essentially equal. The cell walls are (‘orn- 
paratively thin, but are well lignified tliroughout tlie pitli. 

Food products present in the stem during late summer are atar(*-h 
and protein. The starch, although not in any great abundance, is 
stored in the pith. Protein is present in the phloem in sufficient 
quantities to give a good protein test. 

Root. In the early ontogeny of the roots a phellogen is formed 
by cells of the pericycle just beneath the endoderrais. The epi- 
dermis, cortex and endodermis are ruptured and, due to decay and 
mechanical strain, are soon no longer visible. The cork tissue forms 
a thick, smooth layer, broken only by occasional lenticels. The cell 
walls are rigid and well siiberized. 

The pericycle, remaining inside of the periderm, as seen in trans- 
verse sections, is an unbroken ring of tissue with minute intercellular 
spaces. Its component cells are largely parenchymatous in iiaturcn 
with scattered groups of stone cells formed in longitudimil sei*i('s 
(PL LVII, fig. 8). The primary cells of the ])ericycle retain tliefir 
ability to initiate new cells, and so in the mature, flesliy roof, meas- 
uring about 15 mm. in diameter, it is quite common to find fhe fieri- 
cycle 1.4 mm. in width. The cell walls of the iiericyclic parenchyma, 
are of cellulose, while the stone cells have heavily lignified walls. 

The central part of the root is composed largely of parcnchyrua- 
storage cells, among which are scattered tracheal vessels, tiaicliciids, 
and -wood fibers. The fibers and conducting elements arc few in num- 
ber, especially are there few fibers. The conducting and strcngtli- 
ening elements of the xylem are in small radial strands. The water- 
conducting elements, although few in number, are largci^ in diameter 
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than those of the stem (PL LVII, fig. 3) , and because of the low 
water requirement of the shoot they are able to carry an ample 
supply. 

Farencliyma cells of the xylem are highly functional as storage 
organs for starch. Starch is also stored in the pericyclic paren- 
chyma, l)ut in decidedly smaller amounts. 

Leaf. The normal epidermal cells are probably rectangular in 
face view, but because of the frequent irregularities caused by epi- 
dermal hairs and stomata, there are many which differ from this 
type. The number of hairs on the upper surface of the leaf averages 
about 40 per square mm. and on the lower surface about 44. On the 
upper surface 45 per cent of the epidermal hairs are long, reflex- 
barbed hairs, 52 per cent are short hairs with reflex barbs at the 
apex only, and 2 per cent are long, pointed hairs, as described in 
connection with tlie stem of this plant. The proportion of hair 
types for the under surface of the leaf is somewhat the same, there 
being slightly fewer large, reflex-barbed hairs, and more long, 
pointed hairs. 

Tlie cell walls of tlie epidermal hairs and subsidiary cells, as was 
also true of the stem, are composed of strongly silicified cellulose. 
Calcium carbonate as a lining of the large types of epidermal hairs, 
and of tlie subsidiary cells in less amount, is very common. This 
lining many times is quite thick in the basal region of the hair, being 
often thicker than the cell wall, while the lumen of the narrower 
part, from just above the base to the apex, is entirely filled with 
calcium carbonate. The epidermal hairs are covered with the thin 
cuticle which is present on the regular epidermal cells. 

About 16 stomata per square mm, are present on the upper surface 
of the leaf, and 23 on the lower. These stomata, with raised guard 
cells, are of tlie common type. Although tiiis type of stoma is most 
common among tlie mesophytes, in M, aligosperma it is well pro- 
tected by the dense covering of epidermal hairs. 

The mesopliyll of the leaf consists of a single layer of palisade 
parencliyma occupying approximately the upper half of the leaf, 
and a loosely joined, spongy parenchyma. A small amount of 
starch may bo found in the palisade parenchyma, and a larger 
amount in the guard cells and spongy parenchyma. 

Vascular bundles forming the veins are not prominent, those 
present having as their main conducting tissue small groups of 
spiral elements. The proportion of phloem and strengthening tissue 
is small. The midrib, although quite outstanding, has also but little 
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vascular tissue (PI LIX, fig. 3). The strengtliening tissue of the 
midrib, in addition to the water-conducting tissue, is composed of a 
small group of fibers just beneath the vascular buiidlej and a few 
collenchyma cells at the lower and upper sides. 

Fruit. The epidermis of the capsule is very similar to tlvat of tlu*. 
foliage leaf, with the exception of absence of stomata. Chloroplasts 
are present in the outermost parencliyma cells of the mesophyll, and 
a small amount of starch is found throughout the entire tissue. 
Near the center of the mesophyll vascular strands are present at 
regular intervals. These strands, about twelve to fourteen in num- 
ber, are made up of conductive tissue and very thick-walled fibers. 
They enter the mesophyll at the base of the capsule and continue, 
witlioiit branching, to the summit. 

At maturity the seeds have testas composed of very characteristic 
stone cells, which in face view appear very ordinary (PL LVI, fig. 
11), but in cross section are quite unlike most stone cells (PL LVI, 
fig. 12). They are composed of a primary wall, a secondary wail 
of cellulose with wdiich is associated hemicellulose, and a tertiary 
wall of cellulose. The secondary wall has every appearance of 
formation in both centrifugal and centripetal direction. Although 
developmental studies were not made of these cells, it seems justifi- 
able to conclude that points projecting from regions of maximum 
thickness are formed in a centrifugal direction, while an even layer 
of nearly equal thickness formed in a centripetal direction is present 
throughout the entire cell. The tertiary wall lining the lumen of 
the cell is of cellulose and has thickenings in the form of longitudinal 
bars. The secondary wall in particular has an abundance of calcium 
carbonate in a noncrystalline form. 

Just beneath the testa is the tegmen, consisting of a thin layer of 
crushed cells (PL LVI, fig. 8-B). These cells have cellulose walls, 
and in many sections are difficult to distinguish from a similar layer 
just beneath, which is a remnant of the nucellus. A wcll-dcuaiLipcHl 
endosperm is present, which is composed of rounded pareimliynui 
cells. The cell walls are of cellulose, and intercellular s|)aces ari^ 
large and numerous. This endosperm is especially rich in stored 
foods in the form of fatty oils and aleurone. Some seeds, when 
sectioned, show the presence of homogeneous masses of oil and pro- 
tein around the embryo, or in breaks in the endosperm and between 
loosely joined cells of the endosperm (PL LVI, fig. 8-E). It is very 
likely that this material has been turned loose by the breaking 
down of endosperm cells. 
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The embryo is composed of relatively large plano-convex cotyle- 
dons, and a short, radicle-hypocotylar region. A differentiation of 
tissue is shown in the radicle and hypocotyl by a definite epidermis, 
isodiametric parenchyma cells, and by procambium strands. The 
cotyledons also show the presence of an epidermis, procambium 
strands, isodiametric parencliyma, and palisade parenchyma (PL 
LVIII, fig, 2). The palisade layer, as was also true of the foliage 
leaf, is one cell in width. 

Reserve food is stored in all parts of the embryo. This stored 
food is very similar to that of the endosperm, there being large 
quantities of both fatty oil and aleurone present. 

Mentzelia deoapetala 

Stem. — The epidermis of the stem of M. deoapetala is composed 
of irregular cells which often have undulated radial walls, the outer 
wall being slightly thicker than the inner, and in face view ap- 
pearing as if furrowed, as will be explained in more detail in rela- 
tion to leaves, where this feature is more pronounced. 

The fiin(‘tional duration of the epidermis is usually that of a single 
season, after wliich time a phellogen is formed by the pericyclic 
parenchyma just beneath the pericyclic fibers. On the oldest stems 
the pericyclic fibers are still visible clinging to the first-formed cells 
of the phellem. Also patches of cortex and epidermis still cling 
to tlie stem, but are not present in sufficient quantities to affect the 
appearance of the stem. 

The cortex of a one-year-old stem is composed of a narrow band 
of large, nearly isodiametric, cells. At a slightly older stage the cell 
walls become undulated, a character of the cell wall very probably 
(caused by the formation of the phelloderm and possibly one or two 
layers of phellem when the stem is -quite young, prohibiting the 
passage into the cortex of water and food substances, so the cells 
of tlie cortex and epidermis gradually lose their turgidity and dimin- 
ish in size to such an extent that their thin cell walls fall into folds 
(PI. LIX, fig. 1). 

Tlie pericycle in the young stem is composed of thin-walled paren- 
chyma cells and pericyclic fibers. These fibers are^ unusually large 
cells, commonly being about 3 mm. in length (PL LVII, fig. 15). 
Tlie cell walls are only moderately thick and but slightly lignified. 
Compound crystals of calcium oxalate are occasionally present in the 
pericycle parenchyma and in the pith (see below). 

The phloem is represented by a narrow band of very small cells, 
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tlie sieve tubes measuring not more than 5 microns in diameter. 
Although sieve tubes and companion cells may definitely be seen, 
the presence of sieve plates is not apparent. 

Tranheal vessels are quite numerous in both primary ■and sec- 
ondary xylem; they are, however, very small in diameter. Tlie 
primaiy xylem is represented by vessels with spiral, scalariform 
and reticulate type of seiamdary tliiekenings, wliile the secondary 
xylem has only pitted-type vessels. Traclieids and fibers are both 
present in great abundance in the secondary xylem. Pitli-rays ex- 
tend for a short' distance into the primary xylem, but never extend 
into the secondary xylem. 

The cells of the pith lack uniformity in size. The larger and the 
smaller cells, however, are usually grouped together (PI. LIX, fig. 7). 
This grouping may not always be seen in a transverse section, be- 
cause a longitudinal grouping is most common. Calcium oxalate 
crystals are not uncommon in the pith, but when present the com- 
pound crystals are usually small. 

Reserve food in the form of glucosides is present in large quantities 
throughout the stems, but is present in larger quantities in the peri- 
cycle. 

Root. Epidermal, cortical tissues and endodermis are early in the 
development of the root sloughed off, because of the formation of a 
pericyclic periderm. The phellogen takes its origin from the outer 
pericyclic parenchyma cells and is functional only for a short period, 
then its cells mature into cork cells. The cork cells on the old roots 
are usually badly crushed, but are highly suberized, so serve well as 
a protection. 

The pericycle of the root increases in width until in a mature 
root measuring about 25 mm. in diameter the pericycle may com- 
monly be as much as 2.5 mm. in width. The bulk of this region is 
made up of parenchymatous cells varying in shapes Groups of stoiK‘ 
cells are scattered irregularly among tlie typical parenchyma (‘ells, 
but are confined mostly to the inner half of the pericycfle. Tlies(‘ 
stone cells are usually in groups of two or three, as seen in trans- 
verse section, forming long radial strands. Compound crystals of 
calcium oxalate are very abundant in the pericycle. Usiially they 
are situated in small parenchyma cells measuring about ,024 rnm. 
in diameter. 

In structure the phloem in the root corresponds very closely with 
that of the stem, with possible exception of being even reduced more 
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in extent. Sufficient protein is present in scattered groups of cells 
in the phloem to give a protein test. 

Tracheal vessels are quite numerous in both primary and second™ 
ary xylem. Conducting elements in the primary and secondary 
xylem are represented by vessels with scalariform and reticulate 
secondary thickenings as the dominant cell type. Few tracheids and 
fiber tracheids are present in the piimary xylem and only occasional 
spiral element, but both tracheids and wood fibers are quite abun- 
dant in the secondary xylem. Xylem rays, usually about four 
cells in width in the secondary xylem and much wider in the primary 
xylem, extend from near the center of the root to the pericycle. 
Compound crystals of calcium oxalate are present in scattered cells 
of the xylem rays, but are by far less abundant than in the pericycle. 

The reserve food, which is in the. form of giucosides, is present in 
the stele of the root, but the amount present is smaller than that of 
the stem. 

Leaf. The epideimis of the leaf is composed of comparatively 
small cells with thick cell walls. The regular epidermal cells and 
subsidiary cells of the hairs are covered with a cuticle which is 
formed in ridges which may be continuous from one cell to another. 
These ridges are most commonly from two to three microns in 
height, but it is not uncommon for them to be as high as four or 
five microns. Their composition is purely that of cutin, which may 
be completely removed by boiling in a 3 per cent alcoholic solution 
of potassium hydroxide. 

Heavy silicified epidermal hairs are quite abundant on both upper 
and lower leaf surfaces, there being about eight hairs per square mm. 
of leaf surface. About 75 per cent of the hairs present are conical 
in shape, with blunt barbs (PL LVI, fig. 4), and 25 per cent are short 
hairs with refiexed barbs at tlie apex (PI. LVI, fig. 3). The inner 
wall of the conical hairs and of the subsidiary cells are roughened 
and are made to seem more irregular by the presence of small 
patches of calcium oxalate. 

The mesophyll of the leaf is composed largely of palisade par- 
enchyma. A single layer of these cells is present beneath both upper 
and lower epidermal surfaces, leaving only a relatively small area 
through the center of the leaf for spongy parenchyma and vascular 
tissue. Frequently the cell walls of palisade parenchyma in contact 
with the enlarged base of an epidermal hair become silicified. When 
this is reduced to ash a skeleton of silica remains, appearing as a 
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meshwork below the bulbous base of the epidermal hair (PI LVIll, 
% 4 ), 

The midrib, although not prominent, contains considerable con- 
ductive tissue. At the base of the leaf, and proceeding into the leaf 
for often 8 rnm., are three separate vascular bundles, which then 
merge to form a single bundle. The strengtliening tissue consists of 
xylem, and collencliyma at both upper and lower surfaces of tlu) 
midrib near the base of the leaf, but it is not formed near the tip. 

Fbuit. The epidermis of the capsule is veiy similar to that of the 
stem, with exception of there being hardly so many epidermal hairs 
per surface area. The mesophyll is composed largely of irregular 
parenchyma cells with large intercellular air spaces. Compound 
crystals of calcium oxalate are very abundant in this tissue, but are 
localized largely in the innermost cells, and in particular around the 
seeds. Mechanical strength is furnished by thick-walled fibers as- 
sociated with numerous I’adially arranged vascular strands. The 
strands are frequently connected by branching vascular elements, 
fibers and thick-walled parenchyma. 

The testa and wing of the seed are composed of characteristic 
stone cells with thick cellulose walls (PI. LVI, fig. 13) . These cells 
are quite irregular in outline as is also the case of their homologues 
in M, oUgospermu, The tegmen is composed of a single layer of 
crushed cells which are difficult to distinguish from a similar layered 
remnant of the nucellus. Endosperm is present as a comparatively 
thick tissue surrounding the embryo. It is especially rich in stored 
protein and fatty oils. In the mature seed empty cells of the endo- 
sperm adjoining the embryo are quite common, the food from these 
cells having undoubtedly been used in the formation of the embryo. 

The embryo is straight and has a prominent radical-hypocotylar 
region. The component tissues of the embryo are the epidermal, tlie 
parenchymatous cells and the procambium strands. The mesopliyll 
of the cotyledons is composed entirely of small, nearly isodiametric, 
cells, there being no differentiation into palisade and spongy paren- 
chyma. The amount and types of food stored in the embryo iU’e 
practically the same as of the endosperm. 

The presence of glucosides in the mesocarp of the fruit is common, 
but is hardly as prominent as in the root, stem, and leaves. 
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SUMMARY 

Principal anatomical similarities and differences between Ment- 
zelia oUgosperma and M. decapetala: 

POINTS OF SIMILARITY 

1 . Formation of phellogen by the pericycle in root and stem. 

2. Component cell types of the pericycle in root and stem. 

3. Growth of pericycle by cell multiplication in roots. 

4. Presence of silicified subsidiary cells and epidermal hairs. 

5. Kinds of food stored in embryo and endosperm — fatty oils and 

proteins. 

6. Relatively large amoimtvS of wood fibers in the xylem. 

7. A low water requirement is indicated in the stems of M. oligo- 

spema by the relatively small number of water-conducting 
elements, and in M, decapetala by only a slightly larger num- 
ber of water-conducting elements which are smaller in diame- 
ter than those of M. oUgosperma. 

POINTS OF DIFFERENCE 

1. Food stored in stem, root, and leaf — starcli in M. oUgosperma 

and glucosides in M, decapetala, 

2. Differentiation of cell types in cotyledons — palisade cells present 

in M. oUgosperma and absent in M. decapetala, 

3. Type of stone cell making up the testa. 

4. Size of component cells throughout the plant — smaller in M, 

oUgosperma than in M. decapetala, 

5. Epidermis and cuticle—undulate radial walls and ridged cuticle 

in M. decapetala without counterpart in M. oUgosperma. 

6. Presence of calcium oxalate in stone cells and epidermal hairs of 

M. oUgosperma, and calcium carbonate in epidermal hairs and 
as compound crystals widely distributed throughout the paren- 
cliymatous tissues of M. decapetala. 

1, Epidermal and cortical tissues of the stem of M. decapetala are 
partly slouglied off, only patches remaining attached to the 
cork. The epidermis and cortex of M. oUgosperma remains 
more or less intact as a loose sheath around the stem. 

8. Stems of M. decapetala, because of their having a longer growth 

period, reach a larger diameter than do the annual stems of 
M. oUgosperma. 

There are many anatomical differences between the two species 
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investigated^ but points of similarity are sufficiently striking to 
indicate a close relationship. 

The writer wishes to acknowledge the assistance received from 
Prof, W. C. Stevens, who suggested this problem, supplied material, 
and offered many valuable suggestions tliroughoiit tlie course of 
investigation and in preparation of the manuscript. 
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PLATE LVl 

Fig. L ]l('iiex-l)iir!)(‘d ('pidernuil hair from llie leaf of M, (digik^pernHi, 
X 73.3. 

Fig. 2. Long-pointed epidermal hair from (lie leaf of M, oligospcrnia. 
X ^3.3. 

Fig. 3. Short epidernial hair which is present on eitlier M. olupmpernia or 
M . decapeiaki. X 73.3. 

Fig. 4. Siiort-pointed epidermal hair from leaf of M. tietxrpetda. X 73.3. 

Fig, 5. Face view of the siibsidiaiy cells of an epidermal hair from t.lie leaf 
of ill. o/fpospcrma. X 73.3. 

Fig. 6. Face \icw of tlie subsidiary cells of an epidermal liair from tlu‘ leal 
of M, decape tala, X 73.3. 

Fig. 7. Outline drawing from a transverse section of a seed of M. dexapckila. 
X 40. A, testa; B, legmen; C, porisperrn; E, oily-proteinaceous materia,! from 
the endosperm; f, cotyledon. 

Fig. 8. Outline drawing from a transverse section of a seed of M, oUip 
osperma, X40. A, testa; B, tegman; C, perisperrn; E, endosperm; F, 
cotyledon. 

Fig. 9. Outline drawing from face view of cells composing the outer seed 
coat of M. oligosperma. X 75. 

Fig. 10. Outline drawing from face view of cells composing the outer seed 
coat of M, decapetala, X 75. 

Fig. 11. Transverse section of stone cells from testa of M. oligosperma, 
X 150, 

Fig. 12. Face view of a stone cell from the testa of M, oligosperma. X 130. 

Fig. 13. Transverse section of stone cells from testa of M. decapetala, 
X150, 

Fig, 14. Seed of M. decapetala. X3.3. 

Fig. 15. Seed of M. oligosperma, X 3.8, 
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PLATE LVII 

JFig. 1. Part of tracheal elements fx'om primary xylem of stem of M. 
oligosperma. X 1S3. 

Fig. 2. Vessel segment from stem of M. oligosperma. X 183- 
Fig. 3. Vessel segment from root of M. oligosperma. X 188. 

Fig. 4. Tracheid from stem of M. oligosperma. X 183. 

Fig. 5. Wood fiber from root of M. oligosperma. X 183. 

Fig. 6. Wood fiber from stem oi M. oligosperma. X 183. 

Fig. 7. Stone cell from stem of M. oligosperma. X 183. 

Fig. 8 . Stone cell from root of M. oligosperma. X 183- 
Fig. 9. Part of tracheal elements from piimary xylem of stem of M. 
decapetala. X 183. 

Fig. 10. Vessel segment from stem of M. decapetala. X 183. 

Fig. 11. Wood fiber from root of M. decapetala. X 183. 

Fig, 12. Wood fiber from stem of M. decapetala. X 183. 

Fig. 13. Tracheid from stem of M. decapetala. X 183. 

Fig. 14. Part of a pericyclic fiber from stem of M. decapetala, X 183. 

Fig. 15. Pericycle fiber from stem of M. decapetala. Half of cell is shown. 
X40. 

Fig. 16. Vessel segment from root of M. decapetala. X 183. 

Fig. 17. Stone cell from pericycle of root of M, decapetala. X 183. 
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PLATE LVIII 

1. A part of a young shoot of M, oligosperincL 

Fig. 2. Longitudinal section from the seed of M. oligospernia. 

Fio. 3. M. oligospema showing a part of the fleshy root system ami ilie 
shaggy characteristic of the stems. X ^7.5. 

Fig. 4. Silicified subsidiary cells of M. decape tala. 

Fig. 5. Transverse section from the seed of M. decapetala. X 37.5. 

Fig. 6. Leaf margin of M. decapetala. X 65. 

Fig. 7. Longitudinal section from the seed of M. decapetala sli owing but 
little differentiation of tissue. X 37.5. 

Fig. 8. Ash from M. oligosperma showing the silicified basal colls of an 
epidermal hair. 

Fig. 9. Transverse section from the seed of M. oligosperma tliroiigh hyi) 0 - 
cotylar region. X 37.5. 

Fig, 10. M. decapetala in native habitat. 

Fig. 11. Leaf margin of M. oligosperma. X 65. 
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PJ.ATE LIX 

Fig. 1. Sector from transverse section of stem of A/. demyetaUL 
Fig. 2. Sector from transverse section of stem of M. oligos 2 )erma, X 65. 
Fig. 3, Transverse section of midrib of M, decapetala. X 65. 

Fig. 4. Transverse section of midrib of M. oligosperma, X 65. 

Fig. 5. Longitudinal section of pith cells from the stem of M. decapetala 
showing the irregularity in size and shape of the cells. X 200, 

Fig. 6 . Longitudinal section of pith cells from the stem of M, oligospernia 
showing that there is not a great irregularity in shape of the com|)c)nei)t 
cells. X 200. 
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SdllONCE BULLETIN 

Vou. XXI. 1 March, 1933. [No. 15. 


Some Studies on the Transference of Ions 
in Anhydrous Acetic Acid Solution 

ARTHUR W. DAVIDSON ami VERNON HOLM,' 

Department of Chemistry, TTniversity of Kansas 


"FnnLsfui'unun rnfaBureniurils were made by the Ilittorf analytical 
method on j-odiiim and armnoninm acetates in acetic acid solution, as well as 
on sodium ssinc acetjitn and on ammonium cupric acetate solutions, In the 
case of the alkali acief ates the apparent transport niiinbers of the cations were 
found to he suriirisingly small, and to decrease with increasing dilution, be- 
coming practically zero in the most dilute solutions studied (about 1 mole per 
cent, ot‘ 0.15 molnl). It is suggested that these anomalous values may be due 
to the presence of ccmiplex ions. In the case of the double acetate solutions 
it laid been ex|if?ctf*d tluit the les.s positive metal might be found to migrate 
toward the anode, tmt no such result was obtained. 


INTRODUCTION 

AMPIfOTEIilSM 'IN WATER, AMMONIA AND ACETIC ACID 

SOLUTIONS 

I T IS a fair!iiia.r fftet that zinc hydroxide dissolves in aqueous 
HolutioriB of sodium liydroxide, and that at very high, concentra- 
i/ioriB of tilkali a compound called sodium zinca'te may be isolated 
from Biicfi soluticms. Tlie formula for this compound which appears 
to !)e licst siitist'antiatcd is that given by Goudriaan,^ NaaZnOg • 
‘lIIj^O. It is obvious that this compound might equally well be 
foriniilated as Z:n(Oli).^ , 2NaOH . 2 .H 2 O, and might be regarded 
as an addition compound of the two hydroxides. Analogous com- 
pounds are formed wlien strongly alkaline solutions react with any 

1 . This whh euPstructed from a thesis submitted by Veruoa Holm in ^ partial fulfill - 

tnmi of tlw roquiremc'nts for the degree of Doetor of Philosophy at the University of Kansas, 
June, 193,2. 

2. Goudriaari, Rw. tmv. ehim., 30, 505 (1920). 

(463) 
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of the so-called amphoteric hydroxides, such as those of aluminum, 
lead and tin. Further, this type of reaction is not peculiar to aque- 
ous solutions. It has been shown, mainly by Franklin and Iiis co- 
workers/^ to be of even more common occurrence in liquid ammonia; 
a large number of amides (bases of the ammonia system) read, 
with potassium amide to form addition compounds. Fiirtlier evi- 
dence of the general nature of this plienoraenon lias liecn found 
from the study of solutions in acetic acid. In a recent paper from 
this laboratory^^ it was shown that some of tlie properties of solutions 
of zinc and sodium acetates in acetic acid are closely parallel to 
those of the corresponding aqueous system; the solubility of zinc 
acetate increases with increasing concentration of sodium acetate 
until the compound Zn(C2Ha02)2 • 2NaCaHa02 . 4HCJ:l302 appears 
as solid phase. Similarly, cupric acetate dissolves in potassium or 
ammonium acetate solutions, and in the latter case a compound of 
the formula CuCCsH.Oo)^ • 4NH,C2H302 . been iso- 

lated.^ If an amphoteric base be regarded as one whicli is capable 
of combining with stronger bases to give addition compounds, all of 
the cases cited may obviously be regarded as instances of ampho- 
terism. 

In the case of aqueous solutions, compounds of the type under 
consideration are commonly regarded as salts, and are assumed to 
dissociate so as to yield anions containing the less positive metal 
The name ‘^metallate*^ has been suggested ^ as a general term for all 
such salts. In general, the evidence for this sort of dissociation is 
far from conclusive, Howmver, in the case of sodium zincate, at 
least, it has been shown that during electrolysis tlie concentration 
of zinc increases in tlie neighborhood of the anode, wliicii is in 
accord with the hypothesis that the zincate ion, HZnO^;", is present 
in such solutions. In the ammonia system tlie existence of metallati' 
ions was merely taken for granted until very rtieenily, when Detr'ick 
and Fernelius, in an unpublished paper, reporter,:! tha,t, in tlie elec- 
trolysis of liquid ammonia solutions of potassium a,iiirrioiu)aliiininatc^ 
A1(NH2)2 . KNHa . NHj, or A1(NIL).2NHK . 2 NH.{, potassium am- 
monoplumbite, PbNH . IWK, or PbNK . NII„ and potassium am- 
monocuprite, CuNHs . 2KNH2 . NH^ or GuNK. . SNIl,, the less 

3 . For a summary see Bergstrom and Fernelius, Chem. Reviews, 13, 51 ( 1033 ), 

4. Davidson and McAllister, J. Am. Chem, Soc., 52, 610 (1080), 

5. Davidson and Griswold, ibid., 5.3, 18 U (1931), 

6. Fernelius and Bergstrom, J, Phys, Chem., 36, 741 (1981). 

7. Kremann, Z. anorg. Chem., 38, 87 (1002). 

8. Presented at the Indianapolis meeting of the American Oiemical Society, April, 1031, 
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})ositivc metal was almost quantitatively deposited on the anode, in 
(‘Very ease, in tlie form of a nitrogen compouiKi The authors regard 
this as cividenee that these oompoimcls are true metallates and not 
merely double amides. 

Because of the marked analogy between the sodium ^sinc acetate 
:iik1 tlie a,innioniura cu|.)ric acetate mentioned above, and corre- 
sf)oii(ling {‘()rrip(:)un(ls in tlie water and ammonia systems, the question 
naturally a, rises wliether or not tlie former compounds are true 
metallates; or, in other words, whether the amphoterism of zinc and 
eiiprie a(‘etates in acetic acid includes the property of forming 
metallate ions in tlie presence of excess of acetate ion, or whether 
it is limited to tlieir tendency to form addition compounds with 
stronger bases. It was in the attempt to throw additional light 
on tliis <juestiori tliat the present work was undertaken. 

METHOD 

General PiiAN. It was hoped that some indication of the ionic 
speciicH pr(‘serit in such acetic acid solutions as have just been dis- 
cussed miglit lie obtained by means of a study of tlieir behavior 
during electrolysis. Tlie method chosen was that first used by 
Hittorf in the determination of transference numbers — ^that is, the 
measurement of tlie changes in concentration, during electrolysis, of 
tlie solution surrounding one or both of the electrodes. It was 
originally planned to employ this method merely to determine the 
direction of migration of the less positive metal, but the results of 
prcdiminaiy experiments indicated such marked anomalies of trans- 
ference tliat it appeared desirable first to determine quantitatively 
the migration ratios in some simpler systems, especially since no 
such experiments on acetic acid solutions have hitherto been re- 
portedd^'* 

PREL,iM:mABy Experiments. In the earliest experiments it was 
found that, due to the high resistance of the acetic acid solutions 
to be studied, an electromotive force of 110 volts was insufficient 
to bring about appreciable concentration changes in a reasonable 
period of time}. Hence a transformer and rectifier capable of giving 
600 volts were used in the subsequent work. This device, as well 

9. (a) Hittorf, 'TJcslutir die Wandenmgen der lonen wiilirend der Elaktrolyse," Ostwald's 
Klaasiker der exacten Wissenscliaften, vok 21, 23, Leipzig, 1903-4. See, also, (b) Dracker, 
“Ostwald -Luther Hand nod Hilfsbueh zur Ausfuhrung physiko-chemischer Messungen,” Leip- 
zig, 1031, pp. 088-96. 

10* Transferences numbers in acetic acid solutions have, however, been determined by the 
moving boundary niathod by I^ongsworth (Thesis, University of Kansas, 1928), who concluded 
that the transference n\imbcrs of sodium and p-dnssium acetates changed little with concen- 
tration, and approached a value of 0,5 in flilute solutions. 



466 


The University Science Bulletin 


as the cell used for the quantitative experiments, will be described 
later. 

When a solution of sodium and zinc acetates was electrolyzed, at 
a low current density, between platinum electrodes, liydrogen ivas 
evolved at the cathode, but no gas bubbles whatever could l»e ob- 
served at the anode. It appeared, therefore, tluit it would lie pref- 
erable to study concentration (.‘Imnges around tlie anode, where 
there would be no disturbance due to evolution of gas, and some 
preliminary trials were made with this end in view. In one case a 
white deposit, shown by analysis to be zinc acetate, was obtained 
on the anode. This result, which suggested the presence of an 
anion containing zinc, could not be duplicated, however. Further 
e.xperience showed that it would be difficult to determine the exact 
nature of the anode reaction occurring in these solutions, or, for that 
matter, even in solutions of alkali acetates electrolyzed under these 
conditions.’! It was accordingly decided to set up a cell with a 
reversible and definitely known anode reaction. After some un- 
successful experiments with zinc amalgam, a mercury anode was 
tried and proved to be satisfactory. On passage of tlie current, a 
white deposit appeared above the mercuiy; the decrease in weiglit 
of the metal agreed with that calculated, on tlie basis of oxidation 
to the mercurous state, from tlie quantity of electricity. The de- 
posit was found to yield mercurous ion, but no mercuric, and must 
therefore have been mercurous acetate; this compound was so in- 
soluble .that no perceptible precipitate with hydrogen sulfide was 
obtained, in any case, in the supernatimt solution. No evolution of 
gas was detectable with tliis electrode at current densities up to 
0.8 ampere per square decimeter. 


Apparatus. The cell used in the quantitative exjxvrinienis was 
of the Loeb-Nenist type,”* and is pictured in figure 1. Mercury in 
the bottom of the longer leg served as anode, connection to wliich 
was made by means of a platinum wire scaled through a glass I uIhl 
This tube, filled with mercury, was held in place by a rublier stopjier, 
which carried also a tube filled with calcium chloride, in order that 
moisture might be excluded. The cathode was a piece of platinum 
foil, to which connection was made by means of a long platimmi 
wire of fine gauge. In order to minimize the stirring effect of gas 


U. Hopfgartner (Montilsl.. 32, 523 118111) studied the electrolysis of sodium acetate 
between platinum electrodes and found that carbon dioxide, cthano, oxviteii, nietlivl acetate 

md other sub.stan^ces were fornitd at the anode, the relative quantities Varying with current 
density, concentration and temperature. * 


12. The writers are indebted to Mr. Jesse Stareck for the const, ruction of this cell. 

13. Eef. 9b, p, G89. 
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liberated at tlie cathode, a funnel-shaped deflector was placed with 
its wdder end over tlie cathode, while the smaller end passed tiirough 
the stopper of the cathode compartment and was connected to a 
second drying tube. A .small hole in the deflector tube above the 



Fmk 1, C<*n used for tramferonce mca.suronients. 
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surface of the liciuid allowed atmospheric pressure to be maintained 
in this part of the cell. The cathode lead wire passed out through 
the end of the deflector and under the inbber tubing which made 
connection with the drying tube, as shown in the diagram. 

The source of current was a Majestic B battery eliminator wliicli 
tiad been rebuilt to deliver a maximum of about 600 volts wlicn 
connected in the 110-volt alternating- current circuit; a Eenetron 
tube (type 280) served as rectifier, and a rheostat, connected 
across the alternating-current input, made it possible to adjust the 
voltage. The secondar^^ (direct-current) circuit contained the elec- 
trolytic cell described above, a standard copper coiilometer and a 
Weston three-range ammeter. 

Preparation of Materials. The anhydrous acetic acid was pre- 
pared by the method of Kendall and Gross the product used in 
this work had a freezing point of 16.5-6°. The sodium acetate was 
dehydrated for several days at 150° and then kept in stoppered 
bottles in a desiccator. Its purity was verified by checking the 
freezing points of several solutions of the salt in acetic acid against 
the data of Kendall and Adler.^® Anhydrous zinc acetate was pre- 
pared as described in a previous paper from this laboratory f analy- 
sis for zinc by potentiometric titration with potassium ferrocyanide 
solution gave 35.70 per cent, as compared with the calculated 35,65 
per cent. Ammonium acetate was obtained by passing anhydrous 
ammonia over acetic acid, as described in the same paper; it 
was found that either the normal salt or the solvate 

NH.iC 2 Hg 02 . HC^HaOa might be obtained by this method, but since 
tlie concentration of all ammonium acetate solutions wms dotei'iiiined 
by analysis, the relative amounts of the components ammonia and 
acetic acid in the salt used for preparing them was of no consec|iience, 
as long as no other substances were present. Cupric ac^etatu was 
prepared as described in another paper already referred to;'"'* a, na, lysis 
for copper by the electrolytic method gave 34.96 per cent, as com- 
pared with the calculated 35 per cent. 

Analysis of the Solutions. Solutions of sodium acetate were 
analyzed by adding a slight excess of sulfuric acid, evaporating 
slowly to dryness, heating gently until the excess sulfuric acid had 
been driven off and then strongly to constant weight of sodium sul- 
fate. In the case of solutions containing both sodium and zinc, the 
zinc was deteimined by potentiometric titration witli potassium 
ferrocyanide solution. Attempts to determine both metals in the 

14, Kendall and Gross, J. Am. Chem. Soc., 43, 1420 (1021). 

15. Kendall and Adler, ibid., 43, 1470 (1021). 
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same sample failed to yield results as eonsistent as desired, and 
since a high degree of aeeiiraey in tlie analyses was essential if tlie 
transport figures were to luiA'c any significance, tins plan was not 
follovv'cd,. Tlie analyses i'or eujirie acetate were made by the iodi- 
nietric mcfiiod, and tliosc* for arnmoniuni acetate by adding an excess 
of sodium liydroxide solution and distilling tlie liberated animoiiia 
into sta-iidard liydroDilorie acid. In almost every case duplicate 
analysivs were madc% wliidi agreed to well within the probable error 
of the Ilittorf method. 

M'rasiieement of Thansference. Transference studies were 
made on acetic add solutions of sodium and ammonium acetates 
over as wide a range of concentrations as possible, namely from 
about 1 to 7 mole per cent of solute (0.15 to 1.25 molal). More 
dilute solutions eoidd not lie used because of their extremely low con- 
diietivify, wliile at higli concentrations the relative change during 
electrolysis would be so small as to impair the accuracy of the re- 
sults. A study was made also of the transference of s^inc ion in solu- 
tions containing liotli sodium and zinc acetates, and of cupric and 
ammoifium ions in solutions of both of these acetates. (In these 
cases deposits of zinc and of <,‘opper, respectively, appeared on the 
cathodes during electrolysis, while no trace of zinc or of cupric 
acetate could lie dc‘tected in the anode deposit.) 

Tlic procedure in making a run was as follows. About thirty 
grams of redistilled mercury were accurately weighed, and trans- 
ferred to the longer leg of the electrolytic cell, which was to serve 
as the anode compartment. The solution to be electrolyzed was 
then introduced, reaching a level slightly above that of the connect- 
ing tube, Tlie stoppers, fitted as described above, were put in place 
and tile eli‘(d ri(*al circuit was completed. Tlie current was adjusted 
to the d,esired value of a few milliamperes and electrolysis continued 
until 0,05 t,o 0.15 gram of co|)per had been deposited on the catlio'de 
of tlic‘ c’ouhmietvr; the time reiiuired for this varied from six to 
twcuity^four Iimirs. At tbe end of the electrolysis tliis cathode was 
iirirue(,liiit.(dy washed, dried and weighed. The stopcock in the cath- 
ode:; b'‘g was opeiKai and the solut-ioo from this compartment and the 
(‘onnc:‘c;tiiig tulie slowly witlidrawn. Then the total remaining con- 
temts of the anode leg were transfe:rrcd to a weighed stoppered 
flask. After it bad been weighed again, this was set aside to allow 
tlie iiiercurous acxitate to settle out completely. Portions of tlie solu- 
tion were tlieri decanted into weighing bottles for analysis. 

As has been stated previously, at the beginning of this work it was 


a L---, 1482 
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not intended to determine more than the direction of transference 
of the metallic constituents; the data obtained, however, made it 
possible to calculate the apparent transport numbers of the cations 
in the pure sodium and ammonium acetate solutions, and the frac- 
tion of the current apparently carried by the less positive metal 
in the mixed acetates, although the highest degree of accuracy in 
these numerical values was not striven for. The temperature was 
that of the laboratory, about 25''C. No thermostat was used, nor 
was the middle portion analyzed to insure constancy of concentra- 
tion ill this region. It is believed, however, that the anode portion 
taken for analysis (usually about 30 grams, or about two-fifths of 
the whole solution) included all the changes caused by transference 
and electrode reactions at the anode. The changes in density were 
very slight. The transport numbers given are probably correct to 
±0.05. It should be mentioned further that no attempt was made 
to correct the apparent transport numbers for possible solvation of 
the ions, as this would have involved a tremendous increase in ex- 
perimental difficulties without commensurate increase in the sig- 
nificance of the values obtained. 

RESULTS 

Space does not permit the tabulation of all the data obtained. 
The results are summarized in the following tables. 


TABLE 1. — Transference data for sodium acel.ate 
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transport 
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of cation. 
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0.167 1 
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1 

1.36 
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0.08 




2 
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5 
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0.017 

0.11 
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6.80 

6 

6.62 
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0.20 




7 
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0.26 
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0 . 23 

7.02 

1.257 

9.35 

8 

9.25 

0.0755 

0.040 

0.21 
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TABLE 4. — Transference data for ammonium acetate-cupric acetate 


Concentration of original solution. 

Mole 
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cupric 
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solute. 
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Copper 
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DISCUSSION 


SODIUM ACETATE AND AMMONIUM ACETATE SOLUTIONS 

The variation of the transport number of the cation in these solu- 
tions with concentration is shown graphically in figures 2 and 3. 
The rapid increase of the apparent transport number, and its ap- 
proach to a normal value, with increasing concentration, is quite 
different from the behavior of most salts in aqueous solution, where 
migration ratios do not vary greatly with concentration. The fact 
that in the most dilute solution of sodium acetate the transport num- 
ber apparently has a slightly negative value is particularly anom- 



MOLL PE.R CENT. OF 
SODIUM ACETATE 



MOLE PER CENT. OF 
AMMONIUM ACETATE 


Fkj. 2. Apparent transport number of cation in 
sodium acetate solutions. 


Fig. 3. Apparent transport number of cation in 
ammonium acetate solutions. 


alous. In the case of aqueous solutions marked abnormalities of this 
sort are ordinarily attributed to the formation of complex ions, as, 
for ’ instance, in the case of cadmium iodide, where ions such as 
Cdijf or Cdl^"™ are assumed to be present. It is possible that similar 
phenomena may occur in acetic acid solutions. Thus, in the case of 
sodium acetate, if we were to suppose that the dissociation followed 
the course shown by the equation— 

2 NaC 2 H 302 Na^ + Na 

and, further, that the two ions here shown had nearly the same 
mobilities, we could thereby account for the fact that there appears 
to be no migration of sodium from the anode in dilute solutions. It 
would be diflScult, however, to explain why such an abnormality 
should be greater in dilute than in concentrated solutions. 
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If some knowledge of the molecular species present in an acetic 
acid solution of a typical electrolyte like sodium acetate (which is 
the one for which the most data are available) could be gained from 
a study of other properties of such a solution, light might be thrown 
also on the anomalous transference. It might be expected, for in- 
stance, that a study of freezing-point data would give some clue as 
to the molecular state of the solute. In the following table the freez- 
ing points of sodium acetate solutions, from the data of Kendall and 
Adler^^ and of Webb/® are compared with those calculated^'^ for a 
perfect undissociated solute in acetic acid. 

TABLE 5. — Freezing points of acetic acid solutions 


Mole per cent solute ... . 0 0.3 0.5 1 3343 

Ideal solute, ®C 16.60 16.42 16.30 16.00 15.40 14.79 14.17 13.65 

Sodium acetate, °a ... 16.60 16 .45 16.36 16.07 15.45 14.77 14.10 13.47 

Evidently, despite the dissociation of sodium acetate into ions, the 
freezing-point depressions throughout this range are almost the 
same as the ideal values; for ammonium acetate the corresponding 
depressions are even smaller. While it is apparent that we have here 
a state of affairs quite different from that existing in aqueous solu- 
tions, the correct interpretation of the data is by no means obvious, 
since, due to the very low dielectric constant of the solvent, large 
interionic forces are present, and these may be mainly responsible 
for the deviation from the behavior of an ideal ionized solute. 
Widely divergent views have been expressed as to the molecular 
state of sodium acetate in these solutions. Thus Walden’® appar- 
ently regarded this compound as being only slightly dissociated into 
ions and probably associated to some extent into polymeric mole- 
cules. Webb,’-® on the other hand, assuming the electrolyte to be 
practically completely dissociated, accounted for the low freezing- 
point depressions in terms of interionic forces as calculated accord- 
ing to the Debye-Hiickel theory. A viewpoint intermediate between 


16. Webb, J, Am. Chem. Soc., 48, 2263 (1926). 

Ai7/1 lx Tm 

17. From the equation In Ni = I l,or!r = — — , 

R \Tra T/ RTJ/^H All'll 

where T is the freezing point of the solution, Tm that of pure acetic acid, 289.7*", 
i\E the molal heat of fusion of acetic acid, 2,780 calories (de Visser, Rec. trav. 
chim., 12, 101 [1893]), and Ni the mole fraction of acetic acid; R has its usual 
significance. On substituting the numerical values and changing to common 

289.7 

logarithms, this equation takes the form T =: . 

1—0.4771 log Ni 

18. Walden, “Molekulargrossen von Elektrolsrten in nichtwasserigen Losungsmitteln," 
Dresden and Leipzig, 1923, p. 132-5. 
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these extremes was adopted by Hall and Werner, who concluded, 
on the basis ot electrometric titration and dilution curves, that al- 
though sodium acetate is to be classed among tire “stronger” bases 
in acetic acid, yet it cannot be regarded as being completely dis- 
sociated in the usual sense, since its basicity changes with dilution 
as tliough tlie electrolyte obeyed the dilution law. 

It is, of course, possible, by thermodynamic treatment which does 
not require any hypothesis as to the actual molecular state of the 
solute,^* to calculate the activity coefficient of the electrolyte from 
the freezing-point data. This having apparently not been done 
hitherto, we have made the calculation by the method of RandalP^ 
for several concentrations, with the results shown in Table 6. 

TABLE G.' Activity coefficient of sodium acetate in acetic acid 


Molality 0.001 0.01 0.1 1.0 

Activity coefliciwit 0.3C6 0.121 0.032 0.010 


Our knowledge of acetic acid solutions is, in our opinion, as yet 
inadequate to* provide a satisfactory explanation for these very low 
activity coefficients, or even to permit a certain decision among the 
conflicting viewpoints as to the molecular state of this electrolyte. 
Little additional light is thrown upon the question by the available 
conductivity data for sodium acetate, which show a minimum 
value of the equivalent conductance at a concentration of about 
0.05 M. It is evident that any attempt to calculate the degree of 
dissociation from conductivity data by the classical method of 
Arrhenius would be quite futile. On the other hand, it appears that 
interionic attraction theories alone, based upon the assumption of 
|)ractically complete ionization, might be equally inadequate to deal 
with this case, since some sort of ionic association almost certainly 
occurs. The very recent work of Fuoss and Kraus^® seems to indi- 
cate, however, tliat a better understanding of the state of electrolytes 
in solvents of low dielectric constant may eventually be attained by 
means of a further study of conductance data for dilute solutions by 
a method derived from both viewpoints. 

10. Hall and Werner, J. Am. Chem. Soc., 50, 2367 (1928); see, also. Hall, Chem. Re- 
views, 8, 208 (1031). 

20. See Randall and Allen, J. Am. Chem. Soc., 62, 1814 (1930). 

21. Randall, ibid., 48, 2512 (1926). The value of A. was taken as 3.604, and 
the Debye-Hilckel limiting law, in the form log y = — 25 mh was used as an 
aid in determining the limiting value of y/mi at infinite dilution. 

22. Hopfgartner, Sitz. Akad. Wiss. Wien, 120, II, 1024 (1911); Longsworth, Thesis, 
University of Kansas, 1928. 

2.3. Fuoss and Krau.s, J, Am. Chem. Soc., 55, 1919, 2387 (1933). 
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It should be mentioned also that Freed and Kasper on the basis 
of magneto-chemical studies, question the validity of the transport 
number as a criterion of the formation of complex ions, believing 
that anomalous transference may eventually be accounted for on the 
basis of a hypothesis of ionic clusters. For the present we can say 
only that although the abnormal transference numbers of sodium 
and ammonium acetates may be due to the presence of complex ions, 
we have no positive evidence that this is the case. 

SODIUM-ZINC AND AMMONIUM-CUPRIC ACETATE SOLUTIONS 

Because of the amphoteric properties exhibited by zinc and cupric 
acetates in acetic acid, it was expected that some indication might 
be found of the migration of zinc or copper toward the anode. This 
appeared particularly likely in the presence of a large excess of ace- 
tate ion (that is, in solutions containing high concentrations of 
sodium or ammonium acetate) , in view of the frequent occurrence of 
such reversed transference in aqueous solutions under similar con- 
ditions.^^ However, the data of Tables 3 and 4 show a decrease in 
zinc or cupric acetate in the anode compartment in every case, and 
hence give no evidence of reverse migration. The determination of 
the conventional transport numbers for zinc or copper in the corre- 
sponding acetates, under these conditions, would have required a 
knowledge of the distribution of the current between the two bases 
present together in each solution, and even an approximate calcula- 
tion of such distribution was impossible. Thus, in a solution of 
sodium and zinc acetates, the fraction of the current carried by the 
zinc acetate would depend both on the relative concentrations and on 
the relative conductivities of the two bases; but no conductivity data 
for zinc acetate are available, and in fact this compound is so slightly 
soluble that solutions of the concentration here used, but containing 
no sodium acetate, could not possibly be prepared. However, the 
data sufiSced, in every case, for the calculation of the fraction of the 
total current carried by the less positive cation. 

In figure 4 the fractions apparently transported by ammonium and 
by copper in the mixed acetate solutions are plotted against the con- 
centration of ammonium acetate. It is evident that the transference 
of copper towards the cathode decreases with increasing concentra- 
tion of ammonium acetate, but this result would necessarily follow 

21. Freed and Kasper, ibid., 52, 2632 (1930). 

25. McBain and Van Rysselberge, J. Am. Chem. Soc., 50, 3009 (]928), and 52, 2336 
(1930). 
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from the increasing fraction of current carried by the latter base. 
In fact, both zinc and copper, in the mixed solutions, appear to carry 
a far larger share of the total quantity of electricity than would be 
expected from their relative concentrations. These experiments, 
then, give no evidence of the presence in the solutions examined of 
complex anions containing either copper or zinc. In view, however, 
of the highly anomalous nature of the conductance phenomena even 
in solutions of single salts in this solvent it can scarcely be concluded 
that the existence of such metallate ions is definitely disproved, and 
the nature of amphoterism in acetic acid solutions remains a sub- 
ject for further study. 



MOLL PLR CLNT. OF AMMONIUM ACETATL 

Fig. 4. Transference of copper and of ammonium in ammonium cupric acetate solutions con 
taining 0.3 mole per cent of cupric acetate. 
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The Effects of a Minimal Lethal Dose of X-Rays upon 
Chick Embryos 

H. ERNEST GROW, Friends University, Wichita, Kan. 


Abstkact: Chick embryos of 28, 48, 60, 75, 96 and 120 hours of incubation 
were exposed to un, filtered X-rays with the current set at 22 a. and 90 v. for 15 
minutes at a distance of IS cm. This dosage was found to be the minimal 
amount that would cause death of the chicks in 15-20 hours. The different 
tissues and organs of the chicks were carefully studied in serial sections at 
periods from 20 minutes to 20 hours after raying. Effects became observable 
in about two hours and became more pronounced with the passage of time. 
All the tissues of the body were affected, but the greater modifications occurred 
in the blood and nervous systems. Separation and fraying of cell layers, break- 
ing of limiting membranes and capillary walls, accompanied bj^ the accumula- 
tion of disorganized cellular debris within the brain and other cavities, and 
extensive hemorrhages, were common, general effects. In dividing cells the 
principal modifications were inhibited mitoses, clumped chromosomes, unequal 
divisions, pycnosis and fragmentation of chromosomes. In other cells nuclear 
and cytoplasmic substances were separated into large, irregular granules and 
clear vacuoles, cell walls were broken, cytoplasm oozed from the ends of cells 
and nuclei became shrunken. The characteristic affinity of chromatin for Iron 
Hgematoxylin stain was much disturbed after a few hours, a faded gray or al- 
most no (Rilor being common. 


INTRODUCTION 

I N the three and one-half decades since the discovery by Bontgen 
of the rays which bear his name, or popularly called X-rays, 
much interest has grown around the use of X-rays in the treatment 
of disease. Only a very limited number of workers have used X-rays 
in experimental research to determine the effects produced upon the 
cells rayed. The greater number of these have confined their at- 
tention to tissues grown in vitro. The embryo of the chick is a 
favorite experimental animal, yet only a few workers have used it 
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for the study of the effects of X-rays upon the living animal It 
was with a desire to investigate the effects of X-rays upon the tissues 
of the young chick embryo that this work was undertaken. 

The experiments herein recorded have for their object: 

To investigate the effects of single exposures of unfiltered X-rays 
of constant dosage upon chick embryos of different ages. 

To discover, if possible, what tissue, if any, is more affected than 
others. 

To learn what cellular changes take place as a result of the 
X-rays. 
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HISTORICAL 

Rolleston (75) has summarized in a recent paper the growth in 
interest in X-ray effects on living tissues as well as showing their 
harmful effects upon man. 

Experimental study of effects of X-rays on living cells was be- 
gun by Perthe (66), who exposed the eggs of Ascaris megalocephala 
to X-rays and found delayed development of body and the pro- 
duction of individuals abnormal in some parts of the body. In 
1904 Gilman and Baetjer (35) exposed hen eggs to X-rays for 
short periods on successive days and noted, at first, a slight ac- 
celeration of development, followed by production of abnormali- 
ties, deformities, retardation of eyes and adherence of membanes 
to the body of the embryo. 

Hartman (41) in 1920 exposed frog larvse to X-rays and found 
reduction in number of leucocytes; while retardation of growth 
and reduction of cell number in lymphoid tissue in rats and mice 
when exposed to X-rays were observed by Cramer, Drew and 
Mottram (27), in 1921. Jolly (49), 1924, confirmed their results 
in experiments on guinea pigs where a difference in susceptibility 
to X-rays was noted between bone and lymphoid tissues; and in 
1927 Brambell, Parkes, and, Fielding (18) caused sterility in the 
adult mouse by raying its ovary, and in the young by exposure 
before birth. 
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Wright and Bulmar (93) in 1929 found rabbits and cats were 
killed by X-rays, but the former requiring twice the time of ex- 
posure for the effect to be lethal. 

Eggs O'f frog, rayed by Ancel and Vintemberger (5) J.924, did 
not show effects immediately, but death occurred in a few hours 
after gastrulation began. The same authors (14), 1928, found a 
given dosage affected frog eggs to a greater extent when employed 
as a single dose than when spread over two or more exposures. 

Specific effects upon cells were reported by Ancel and Vintem- 
berger (14), 1928, on frog eggs. It was found that the time of 
least susceptibility was when the egg was in a state of nuclear 
repose. Vintemberger, 1928, by careful and ingenious experimen- 
tation on frog eggs proved that the nuclei are very susceptible to 
X-rays and the cytoplasm very little, if at all, affected; this con- 
firmed the results secured by Albert and Politzer (3), 1924, on 
Ambystoma larvae where the X-rays affected the arrangement, 
splitting and distribution of chromosomes. Chick embryos have 
proven good materials for experimental work. Ancel and Vintem- 
berger (8), 1924, in their work on chick embryos found support 
for the prevalent idea that cells are more sensitive to X-rays when 
in mitosis. Heim (42), 1927, raying eggs before they were laid and 
embryos at various ages, found in all cases growth retarded and 
marked eye and brain defects, the effects varying inversely with 
the age. In 1922 and 1926 Colwell, Gladstone and Wakely (24- 
25), by subjecting chick embryos of various ages to daily doses of 
X-rays, produced marked degeneration of all tissues, but especially 
epithelial, nerve and blood tissues. By single doses of different 
intensity Strangeways and Fell (80) produced similar degenerative 
effects to those produced when heavy doses were used, but there 
was a partial recovery from lighter doses. Yamamoto (94) found 
inhibition, retardation or modification of whole or parts of organs, 
and death in most cases resulted when chick embryos were exposed 
to sufficient dosage of X-rays. In his report only gross external 
modifications are described. 
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MATERIALS USED 

The chick embryos used are in seven series, i. e., rayed at seven 
different ages, as follows: 


Series I rayed at 0 hours of incubation 

Series I rayed at 100 hours of incubation 

Series I rayed at 110 hours of incubation 

Series I rayed at 140 hours of incubation 

Series I.. i*ayed at 160 hours of incubation 

Series II rayed at 28 hours of incubation 

Series III..., rayed at 48 hours of incubation 

Series IV rayed at 60 hours of incubation 

Series V rayed at 75 hours of incubation 

Series VI rayed at 96 hours of incubation 

Series VII rayed at 120 hours of incubation 


With the exception of Series I, in which time of exposure was 
variable, all were exposed to the X-rays for the same length of 
time, i e., fifteen minutes. This is the time that, for a given dis- 
tance from the target, and at a certain dosage, was the minimal 
lethal dose. 

TECHNIQUE OF IRRADIATION 

The apparatus employed was one of the coils fitted with a 
Coolidge tube used in the physics department of the University 
of Kansas, The current was set at 22 a. and 90 v. The eggs were 
placed at a distance of 18 cm. from the Tungsten target during 
time of raying without any filter. All the time the eggs were out 
of the incubator they were kept well wrapped in layers of warm 
cotton in order to avoid, as far as possible, any change of tem- 
perature. After the period of raying the eggs were returned at 
once to the incubator, where a temperature of 39® C. was main- 
tained. 

HISTOLOGICAL PREPARATION 

After their respective periods of incubation the eggs were opened, 
a hole an inch in diameter being made on the side toward the 
larger end, and part of the albumen pulled out and cut off. Careful 
observations were made of the living embryos, noting any redden- 
ing on the body of the blastodermic disc; attention was paid to the 
heartbeat and to any other features that might appear noteworthy. 
Then, by means of a capillary pipette, several cubic centimeters 
of Bonin’s fixative were injected beneath the body, thereby lifting 
it slightly from the yolk. A generous amount of the solution was 
also poured over the surface of the embryo. The fixing solution 
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was replaced as needed, for it was believed best partially to fix 
the embryo in situ in order to minimize the disturbance in the dis- 
tribution of the blood. In this way the chicks were fixed for a 
period of ten to twenty minutes. Then the embryo and much of 
the blastodermic disc were cut around and loosened from the re- 
mainder of the egg, and carefully floated off and transferred di- 
rectly to a dish of the fixing solution. The embryos were allowed 
to remain in this solution from 2 to 18 hours according to size; 
they were then washed for a few minutes in distilled water to re- 
move the excess fixative and, as rapidly as safety would permit, 
carried through ascending grades of alcohol to 70 per cent, where 
they were held, wdth frequent changes, until the alcohol was no 
longer colored. In the same strength of alcohol they were pre- 
served. Subsequently those which were to be sectioned were passed 
through ascending grades of alcohols to absolute. They were then 
cleared by gradual addition of cedar oil to the alcohol, until the 
alcohol was completely replaced by the oil. After passing through 
two changes of oil the embryos were placed in a paraffin bath for 
embedding. After embedding they were cut in serial sections seven 
or ten micra in thickness, and subsequently stained in (a) hsema- 
toxylin and counterstained with eosin, or (b) iron hematoxylin 
and counterstained with eosin or acid fuchsin. 

After mounting in Canada balsam all of the sections were care- 
fully examined with a Leitz binocular microscope, using 16 X 
oculars and 45 X objective. The finer cellular details of all tissues 
were studied with 16 X oculars and 95 X achromatic oil-immersion 
objective. 
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SERIES I 

In series I are included all of the results of the preliminary ex- 
periments performed to determine what is the minimal lethal dose. 
All the chicks were exposed to the same voltage, i. 6., 22 a., 90 v., the 
distance and time being changed. 

The experiments were grouped under A, B, C and D, as follows: 

SERIES I 


Number 

of 

individuals. 


Dosage. 

Distance 

target. 

Length 
of expos- 
ure. 

Age at 
time of 
raying. 

1 

Age 

opened. 


Results. 


GROUP A 


4 

90v., 22a. 

40 cm. 

15 min. 

0 

120 hrs. 

4 

90 V., 22a, 

40 cm. 

30 min. 

0 

120 hrs. 

4 


40 cm. 

40 min. 

0 

150 hrs. 

2 

90 V., 22a. 

40 cm. 

60 min. 

0 

150 hrs. 

2 

90v., 22a. 

40 cm. 

60 min. 

0 

240 hrs. 

2 

90v., 22a, 

40 cm. 

90 min. 

0 

288 hrs. 

2 

90v., 22a. 

40 cm. 

90 min. 

0 

384 hrs. 


Normal development, 
Normal development. 
Normal development. 
Normal development. 
Normal development. 
Normal development. 
Normal development 


GROUP B 


4 

90 V., 22a. 

18 cm. 

10 min. 

0 

30 hrs. 

Normal development. 

4 

90v,, 22a. 

18 cm. 

15 min. 

0 

30 hrs. 

Almost normal develop- 
ment — dead. 

4 

90v., 22a. 

IS cm. 

20 min. 

0 

30 hrs. 

Developed very little — 
dead. 

4 

90 V., 22a. 

18 cm. 

25 min. 

0 

30 hrs. 

Almost no development 
— dead. 


GROUP C 


2 

90v., 22a. 

18 cm. 

20 min. 

100 hrs. 

1001^ hrs. 

Living. 

2 

90 V., 22a. 

18 cm. 

20 min. 

100 hrs. 

102 hrs. 

Living. 

2 1 

90v.i 22a. 

18 cm. j 

20 min. 

100 hrs. 

117 hrs. 

Dead. 


GROUP D 


8 


18 cm. 

75 min. 

110 hrs. 

135 hrs. 


3 

90v,, 22a. 

1 18 cm. 

60 min. 

140 hrs. 


Dead. 

8 


18 cm. 

45 min. 

140 hrs. 

143 hrs. 


3 

90v., 22a. 

18 cm. 

30 min. 

140 hrs. 

143 hrs. 

Two dead, one living. 
Dead. 

3 

90v,, 22a. 

18 cm. 

30 min. 

160 hrs. 

167 hrs. 

.3 

90v., 22a. 

18 cm. 

25 min. 

160 hrs. 

167 hrs. 

Two dead, one living. 
Two dead, one living. 

3 

90 V., 22a. 

i 

18 cm. 

20 min. 

160 hrs, j 

167 hrs. 



CONCLUSIONS 

Lethal effects do not appear even after long exposure at a distance 
of 40 cm. 

Growth is not retarded or accelerated by exposure of as long as 
90 minutes at a distance of 40 cm. 
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Growth is stopped and death occurs within a few hours after ex- 
posure of 20 minutes or more at a distance of 18 cm. 

Deatli of embryo does not occur for about 20 hours after exposure 
of 15 minutes at 18 cm. 

Exposure of lO minutes at 18 cm. produced no effects. 

SERIES II TO VII 

In the following pages each stage has been given two numbers, 
separated by a hyphen, by which it will be knowm in referring to it 
either in discussion or in explanation of the plates. The first num- 
ber gives the age at which the chick was exposed to the X-rays; 
the second figure gives the age of the chick at which it was killed 
and studied. Thus 28-34 means the chick was 28 hours old when 
rayed and 34 hours old when killed. 

In the series following, all the embryos which were exposed to the 
X-rays received the same dosage. The current was set at 90 v. and 
22 a.; the time of exposure was 15 minutes, with the eggs placed 18 
centimeters from the target. 

The following tables present in condensed form the effects ob- 
served in the chick embryos included in series II to VII. Xo record 
is given of the conditions found in the control specimens. Without 
exception they all show^ed normal conditions in growth, mitosis, 
chromosome arrangement and staining qualities. 

Series II 

In series 11 the control and rayed embryos have been carried, side 
by side, through all the steps from the time the eggs were placed 
in the incubator until the sections were mounted, except for the 
short time wlien the latter were being exposed to the X-rays. Dur- 
ing that short period the control specimens were taken from the 
incubator and placed beside the X-ray apparatus, yet always com- 
pletely shielded from the X-rays. The rayed specimens have shown, 
without exception, modifications and abnormalities, which have in- 
creased in extent and magnitude with the length of time after raying. 
The conteol specimens have shown normal conditions in every 
tissue. It appears, therefore, that whatever modifications have oc- 
curred in the rayed embryos, have been caused only by the X-rays. 


32—3482 
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SEMES II 


Age at time 
of raying and 
observation, 
hours. 1 

Ectoderm. 

Neural tube 
and optic 
vesicles. 

Entoderm. 

Mesoderm. 

Blood. 

28-30 

Few mitoses.. 

Few mitoses; 
normal ap- 
pearance. 

No apparent 
change in 
cells; few mi- 
toses. 

No visible 
change; few 
mitoses. 

Few mitoses. 

28-34 

Rare mitoses ; 
stain is poor. 

Rare mitoses; 
cytoplasm 
more granular. 

Rare mitoses; 
stain is dim; 
greater granu- 
lation. 

Rare mitoses; 
some chromo- 
somes 
clumped ; 
more granu- 
lation. 

Some clump- 
ing of chromo- 
somes in the 
rare mitoses ; 
some granula- 
tion. 

28-45 

Much sepa- 
ration of lay- 
ers; cells bro- 
ken and 
frayed; large 
irregular gran- 
ules and clear 
spaces; chro- 
mosomes in- 
distinct. 

Debris within 
brain vesicle; 
ceils stain 
dimly; chromo- 
somes iiidis- 
j tinct; some 

1 granulation 

1 and vacuola- 
1 tioii. 

1 

1 

Lining of 
foregut bro- 
ken and 
frayed; some 
debris within 
, cavity; few 
large granules 
j in cytoplasm; 
chromoscmos 
indistinct and 

1 apparently dis- 
solved in cyto- 
plasm in early 
mitoses; some 
micleishnmken. 

Cytoplasm 
often shrunken 
about nuclei, 
granular, large 
vacuoles, ap- 
parent disso- 
lution of 
chromosomes 
in dividing 
colls. 

Karyosomes 
prominent; 
stain dim; 
granules large; 
many cells 
broken; very 
rare mitoses ; 
all abnormal: 
chromosomes 
partly dis- 
solved ; two 
cells with tri- 
polar spindles. 


CONCLUSION 

Raying effects are most marked in nerve tissue. 

Cytoplasm becomes more granular and nuclei less distinct after 
raying. Mitoses are not stopped suddenly, but, if in division, a cell 
goes on and completes it. Probably no cell begins and completes 
division after raying. 
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Series III 

In series III the embryos which have been used as controls have 
been kept under the same conditions as the rayed specimens, save 
only that they were not exposed to' the X-rays. Even during the 
short time when the rayed specimens were being exposed to the 
X-ray, the controls were beside the X-ray apparatus, but fully 
shielded from the rays. Through fixation, dehydration, clearing, 
embedding, staining, mounting, etc., the control and the rayed em- 
bryos have been carried under as near identical conditions as it is 
possible to secure. If faulty technique had been the cause of modifi- 
cations and degeneration in one set of embryos it should have shown 
similar changes in the other group. In all of the irradiated embryos 
these modifications, as given in the preceding pages, have appeared, 
while in not a single control specimen have any than normal con- 
ditions been found. In view of all the evidence only one conclusion 
could be made, namely: the X-rays have been the cause of the modi- 
fications occurring in the irradiated embryos. 

CONCLUSION 

The effects of the X-rays are shown by the nervous tissue in which 
there occur: separation of limiting membranes, breaking of neural 
wall in places, and partial filling of canal with disorganized cellular 
debris. 

The number of cells in mitoses decreases rapidly, none occmuing 
after about six hours. A few show chromosomes somewhat clumped. 
The cytoplasm and nuclei show granules which appear to increase in 
size with degeneration of the cells. 

Fraying of epithelium occurs in many places. 

Debris accumulates within cavities or tubes of the body. 

Tissues stain less well. 
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Urinary system. 

Loss of affin- 
ity for stain; 
granules large; 
no mitoses. 

Much degen- 
eration of cells; 
all appear faded 
gray; no cells 
dividing. 

Blood. 

Large cyto- 
plasmic gran- 
ules; walls bro- 
ken; nuclear ma- 
terial condensed 
upon wall; cells 
shrunken and 
fissured; no mi- 
toses; poor stain. 

Much frag- 
mentation and 
breaking of walls; 
karyosomes 
fragmented; no 
cells dividing; 
poor staining; 
i differentiation. 

Mesoderm. 

1 

Cytoplasm 
shrunken and 
granular; myo- 
[ coele filled with 

1 material; walls 
leaking; no cells 
dividing. 

Much degen- 
eration; walls 
leaking and 
forming debris 
in cavities; cyto- 
plasm granular; 
gray stain; no 
cells in division. 

i 

Entoderm. 

Pharynx cells 
broken and 
frayed; debris in 
cavity; large ir- 
regular granules ; 
no cells dividing 
cells; stain 
poorly. - 

Much debris 
in gut cavity; 
wall broken and 
frayed in many 
places; much de- 
generation; no 
mitoses. 

Auditors' vesicles. 

Cellular debris 
in vesicle; bro- 
ken walls; large 
granules and vac- 
uoles; karyo- 
somes irregular; 
no cells dividing. 

1 Limiting mem- 
brane frayed 
with cells form- 
ing debris in 
vesicle; large 
vacuoles and 
granules; some 
karyosomes are 
fragmented; no 
cells dividing. 

Optic vesicles. 

Vesicle filled 
with cells and 
granules; exuda- 
tions from walls; 
no mitoses. 

! 

Development 
inhibited; small 
vesicle filled 
with debris; 
walls broken 
and frayed; no 
cells dividing; 
stain poor. 

Neural tube. 

Canal almost 
filled with bro- 
ken cells; mem- 
brane broken 
and frayed; no 
cells dividing; 

; large granules 
resemble broken 
chromosomes. 

Much debris 
in canal; wall of 
brain broken; no 
cells dividing; 
stain is a dull 
gray; much dis- 
organization. 

Ectoderm. 

Much separa- 
tion and degen- 
eration; stain 
dim; some cells 
broken; gran- 
ules large ; karyo- 
; Homes frag- 
; mented; no cells 
dividing. 

Layers sepa- 
rated and frayed; 
almost no stain; 
cells almost 
structureless 
with few' large 
granules; no 
cells in division. 

'fl § 
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Series IV 

The irradiated embryos of this series have had controls checked 
against them at every point from beginning of incubation to the 
mounting finally of the sections. Only in the item of irradiation 
has there been a difference in treatment. Any changes occurring 
in specimens which have been irradiated and not appearing in 
the controls could be interpreted as having been caused by the 
X-rays. , In the report on the embryos constituting series IV, given 
in the following pages, there is given a recital of the changes and 
modifications which were found in the irradiated specimens. With 
very great similarity in the extent of the effects, the type of modi- 
fication and the time of their appearance, these changes have ap- 
peared in all the individuals which were exposed to X-rays. Not 
one of the controls showed any of the marked modifications so 
characteristic of the irradiated specimens, but all were normal in 
every way. The X-rays have been, without doubt, the cause of 
all of the destructive changes which have appeared in the embryos 
irradiated. 

CONCLUSION 

Exposure to X-rays has caused the accumulation of much dis- 
organized material within the cavity of the brain and cord, the 
optic vesicles, pharynx and coelom. 

There is a rapid decrease in number of cells dividing, only a few 
showing after six hours. Slight condensation of chromosomes into 
a clump shows in a few cells. 

The granules in the nuclei and cytoplasm have become more 
prominent. 

The cells do not retain the stain well. 
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Crow: Effects of X-Rays on Chick Embryos 
Series V 

In all the steps of preparation of tlie embryos for microscopic 
study, control {ind irradiated specimens have been subjected to as 
nearly the same conditions as |)ossible, except in the matter of 
irradiation. Under tiiese conditions ail tlie control specimens have 
shown nonnal dc‘vclo|)mcnt and cell structure, while the irradiated 
embryos have in (^very ease shown modifications and degeneration. 
In all control s|)eciinens mitoses, with clearly defined chromosomes,, 
have been found ahundant, but in irradiated embryos the number 
of mitoses decreases rapidly till after six hours none may occur. 
In the controls the cliromosomes occur regular in arrangement and 
definite in outline, but in the irradiated specimens clumping of 
chromosomes occurs frequently, and in a few cells the chromosomes 
are so disorganized as to be little more than a granular mass of 
irregular shape. In the control embryos tlie cytoplasm and nuclei 
rarely contain prominent granules; but in a few hours after ex- 
posure to X-rays emliryos show very large granules in many cells. 
The separaticin of e|)itlielial membranes from underlying mesoderm 
or the breaking of these membranes does not occur in control speci- 
mens. Cellular exudations, which occur so prominently in the 
later stages projecting into tlie cavities of the brain, cord, gut and 
urinary ducts, 2 ind into the cadom and the vesicles of the sense 
organs, are not found at any place in the control specimens. 
Hemorrhages occur in embryos a few hours after irradiation. These 
become greater with the passage of time, until in the 75-94 speci- 
mens all except one individual, which was little affected by the 
X-rays, showed widespread areas involved. In the controls not 
one showed any hemorrhages wliatever. The dark-blue color and 
clear differentiation cliaracteristic of tissues stained with hsema- 
toxylin were fciimd in every control specimen, while in those ir- 
radiated the characteristic color, after a few hours, did not appear; 
in fact, the afFmity for all stains employed became less with the 
passage of time. Since great changes have occurred in the struc- 
ture of tlie cells, as shown by tlie granules, vacuoles and fragmenta- 
tion, it seems reasonable to suppose that the chemical constitution 
of the cells may liave been altered, and, if so, then the change in 
staining reaction may be this expected result. 

Inasmuch as all the irradiated specimens have shown destruc- 
tive modifications which have become greater with the passage of 
time after irradiation, and since in not one of the control sped- 
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mens did any of the modifications occur, proveS; without reason- 
able doubt, that the X-rays have caused the destructive changes. 

CONCLUSION 

Few mitoses are found four or more hours after irradiation. 

There is much material in the neural canal, in the vesicles of the 
eye, coelom, and lumina of digestive and urinary systems. This 
material varies in amount with the length of time after raying. 

The effects seem to be general rather than local and do not make 
their appearance for some time after irradiation. 

All the effects of raying appear to be destructive, i, e., no accel- 
eration occurs, and, given enough time, ail tissues show degenera- 
tion. This consists of separation of epithelial membranes, appear- 
ance of granules, and vacuoles in the cytoplasm, loss of affinity for 
stains, so that the nuclei and cytoplasm are poorly differentiated, 
and in the cells dividing often a condensation of chromosomes 
occurs. 

There appears to be a difference in degree of susceptibility, one 
specimen of 75-79 showing a few mitoses, others none. 

In 75-94 stage one chick, which was much older than the others, 
showed little effects of raying, having recovered enough that many 
cells were in division. 
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Series VI 

In this as ayoII as in all the other seriesj irradiated specimens and 
controls have, in their preparation for microscopic study, been 
carried as near side by side as possible. In the long staining process 
not only have both received exactly the same treatments, but often 
a slide on which are sections of an irradiated embryo, and one on 
whicl) are sections of a control, have been carried through the dif- 
ferent staining, washing and dehydrating jars, back to back. In 
this way, if effects due to faulty technique appear in one they would 
appear also in the other. In the irradiated specimens, except those 
in the 96-20-minutes stage, wdiich vrere killed before effects became 
visible, tliere have occurred such modifications as have been reported 
at length in the preceding pages. Not one irradiated specimen 
killed twK) liours or more after irradiation was normal, while all the 
control specimens were normal in every respect. It is very evident 
that the many degenerative changes that occur in irradiated embryos 
are due wholly to the action of X-rays. 

The effects of X-rays on chick embryos of different ages, as re- 
ported in tliis paper, have always appeared as degenerative modifi- 
cations. Tliese have grown in magnitude with the passage of time 
after irradiation. In the 96-20-minutes stage an attempt has been 
made to discover how soon effects of irradiation appear. In this 
stage the embryos were killed twenty minutes after exposure to the 
X-rays. These showed such minor changes that it could not be 
determined whetlier they were caused by the X-rays or were merely 
individual variations. Two hours after irradiation modifications 
became apparent and grew greater each hour. 

It appears that cells are affected at the time of irradiation, but 
there elapses a period in which no effects are visible, but w-hich be- 
come manifest at the end of that time. There is doubtless produced 
within the cellular substance by irradiation chemical changes which 
cause serious disturbance of the metabolic balance, the result of 
which may be seen in the formation of granules, vacuoles and 
chromosome clumps and fragmentation of nuclei and the breaking 
up of whole cells. 

CONCLUSION 

The effects of raying are general rather than local, and degenera- 
tive changes occur in all tissue, but they become visible first in the 
nerve tissue and sense organs. 

Separation of retinal coats, limiting membranes of the brain and 
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cordj the mesothelium and epithelium, occurs. All of these occur 
over greater areas with the passage of time after irradiation. 

Cellular differentiation becomes less with time, the cytoplasm 
and nuclei becoming more granular and vacuolated. 

Mitoses have not been affected in twenty minutes, but are reduced 
in number in two hours, and in four hours no new figures have 
occurred. A few of the figures have their chromosomes condensed 
into a clump. 

Degenerative material accumulates in the neural canal, vesicles 
of the sense organs, alimentary canal, urinary lumina and coelom. 

Great hemorrhages occur after a few hours, probably causing 
much of the debris within body cavities and distortion of walls and 
membranes. 
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Grow : Effects of X-Rays on Chick Embryos 501 

Series VII 

1 lic control and the irradiated embryos, which have been studied 
in this series, have been handled with great care and kept under as 
near identical conditions as possible from the time the eggs W'Cre 
placed in the incubator until the sections were, stained and mounted, 
differing only in, one particular — irradiation. Those embryos which 
have been exposed to X-rays have shown destructive changes in 
every tissue, all of which have been described in the preceding pages. 
Very similar changes have been found in all the irradiated in- 
dividuals of the other seines, the degree of destruction in each series 
corresponding to that in other series at a given time after irradiation. 

In contrast with the irradiated specimens, which have shown the 
destructive effects already described, the controls have, without 
exception, shown normal development and normal cellular structure. 

With degenerative changes occurring in the irradiated embryos, 
and not one of the controls showing any of these modifications, only 
one conclusion can be made, namely: the changes in the irradiated 
specimens are tlie effects of exposure to X-rays. 

CONCLUSION 

Degenerative effects show mostly in the neural tissue and sense 
organs. All other tissues are affected somewhat later or less 
promptly. 

Great amounts of material occur within all cavities after a few 
hours. 

After a few hours hemorrhages are present in many of the 
mesenchymal areas of the body and have probably caused separation 
of the epithelial membranes. 

All the effects of raying appear to be destructive. No acceleration 
of growth or activity occurs in any tissue. 

No division of cells occurs four hours after the embryos have 
been rayed. Some of the chromosome arrangements are very com- 
pact o,r clumped. 

The allantois is affected least of all tissues, probably because of 
its very thinness and consequent ease with which gaseous exchange 
takes place. This is in keeping with results obtained by Strange- 
ways and Fell in 1927, who found lethal effects were due to absence 

of gas exchange. 


33— -3482 



SERIES VII 


502 


The University Science Bulletin 


Urinary system. 

Greater vacu- 
olation of some 

1 cells; fewer ini- 
! toses and less 
! sharpness than 
control. 

Some break- 
ing of walk, and 
filling of tubules 
and ducts; gran- 
ules and vacu- 
oles common; 
stain faded gray. 

Blood. 

Small areas of 
head gorged 
with blood ; 
stain is not 
sharp ill color; 
mitoses less 
than control. 

Great hemor- 
rhages; poor dif- 
ferentiation and 
uniformity; 
many cells ir- 
regular or bro- 
ken; cells with 
two and no nu- 
clei occur; kary- 
osomes are fre- 
quently frag- 
mented ; rare 
mitoses; distinct 

1 chromosome 
chimps. 

s 

dJ 

o 

le-t 

i 

Stain is dim, 
i and cells poorly 
differ entiated; 

I mitoses one-half 

1 number in con- 
trtil. 

Hemorrhages 
have distorted 
inosenchyme of 
head; some , 

shrinkage of 
cells; stain is | 
dark gray; very | 
few mitoses; i 

small cells show 
condensed chro- 
mosomes. 

Entoderm. 

j 

No structural 

1 change, stain 
not sliarp; nu- 
1 clei slightly 
j granular; chro- 
mosomes ill few 
cells clearly 
clumped. 

Stomach and j 
hind gut almost I 
filled with de- ] 
bria; wall bro- | 
ken in several j 
places; granules 
large in liver j 
cells; the few* j 
ccdls in division 
show clumping 
of chromosomes; 
stain is dim. 

Auditory vesicles. 

•| ’J s _ J 

^ S c c 3 

tfi H 3 .3 ^ 

a ^ 

cl M 

rj'i , fi CU 

* VH 3 ft C 

o c c 

Surface of 
wall roughened; 
stain, dull gray; 
no mito.sps; 
some cells have 
granules of ap- 
pearance of 
fragmented 
chromosomes. 

Optic vesicles. 

A little mate- 
rial is oozing 
through inner 
limiting mem- 
brane; granules 
more prominent; 
mitoses com- 
mon; some cells 
show condensa- 
tion of chromo- 
somes. 

Coats sonie- 
wdiat separated 
and fissured 
with loss of cells 
into vesicle; 
stain gray; 
many nuclei an- 
gular and 
shrunken; rare 

1 mitoses; ehro- 
1 mosornes 
clumped. 

Neural tube. 

Separation of 
limiting mem- 
branes in few 
places; fibrinoid | 
rnateiial abun- j 
dant in brain ' 
cavity; mitoses 
near nnmber in ! 
control; a few 
show* distinct | 

clumping of 
chromosomes. 

Limiting mem- 
branes widely 
broken and cells 
occupy brain 
cavity; no cells ' 
dividing; cyto- 
plasm contains 

1 many large 
granules ar- 
ranged about 
walls; stain gray. 

Ectoderm. 

Slight separa- 
tions of mem- 
branes; stain 
less definite and 
sharp; few cells 
in division; 
chromosomes in 
some in com- 
pact tangle. 

Separations in 
many places; ; 

stain dim and | 
gray ; granules 
large; karyo- 
somes frag- 
mented in few 
cells; no cells 
dividing. 

"2 o" 

1 


■§ O <3-^ ® 

CD 33 fcc ^ 3 

CO 

d 

S 1 o 

CNJ 




3 

CM 


ir^ 




S-KRTER VII— Concluded 




The University Science Bulletin 


DISCUSSION 

In series II to Til of this paper all factors, i. e., dosage, time and 
distance, have been kept constant. A better comparison could, in 
this way, be obtained. The results have been in accord with expecta- 
tions. Whether a certain dosage given ail at one exposure or broken 
into two or more fractional parts and administered on successive 
days, has the same effect has been made the subject of experimenta- 
tion by Gilman and Baetjer (35), who found exposures of ten min- 
utes per day for four days produced abnormalities, deformities and 
retardations in chick embryos. Ancel and Vintemberger (14) ob- 
served that frog eggs exposed to X-rays showed less degree of effect 
for a given dose when it was spread over two or more applications 
than when employed as one dose; but in an earlier paper, in 1925, 
Ancel and Vintemberger (12) had declared that the destructive ef- 
fects of raying on the chick blastoderm were not modified by divid- 
ing the dose into fractional parts. Colwell, Gladstone and Wakely 
(25) caused profound degeneration in tissue of the chick by doses 
on three and five successive days and Strangewa^^s and Oakley (79) 
found similar cellular changes when a single dose of soft rays was 
employed upon chick choroid growing in vitro, which was confirmed 
by Strangeways and Fell (80) on living chick embryos one day and 
six days old. Yamamoto (94) made an excellent test of this idea 
when he exposed chick embryos of similar age to single doses and 
to fractional doses. His conclusions show a greater number of deaths 
occurred in the group exposed to one dose. 

The effect of irradiation on the chromosomes was recorded for 
Ascaris megalocephala by P. Plertwig (43) as a great disturbance of 
the chromosome arrangement, bearing little resemblance to that of 
normal cell division. 

Gatenby and Wigoder (34) found pycnosis, similar to the ^^pyk- 
nosen and pseudo-amitosen’’ of Politzer (68), giant cell formation, 
necrosis and other abnormalities. Colwell, Gladstone and Wakely 
(25) observed condensation of chromosomes into distinct clumps, 
while Strangeways and Fell (80) found pluripolar spindles and 
fragmentation of chromosomes. 

In an earlier paper, 1923, Strangeways and Oakley (79) ob- 
served on chick tissues growing in vitro, when exposed to soft X- 
rays, very distinct condensation of chromosomes into clumps, 
which, because of this massing, could not divide, but instead broke 
up and disintegrated. In other cells attempting to divide, most of 
the chromosomes reached the anaphase or telophase, leaving the 
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others only partially split; and thus were made to lag behind. In 
still others; when hit just before entering the propliasC; the break- 
ing down of the chromosome complex did not take place till the 
telophase; or ^^daughter-cell;'^ stage. 

The findings in the present series of experiments are very much 
in harmony with those of the workers just cited. There have oc- 
curred metaphases in many of the embryos in which the chromo- 
somes are condensed into quite distinct clumps (figs. 31, 75, 76; 
77). A few cells show a condition where the chromatin is as one 
heavy cord formed into a much-tangled knot (figs. 26, 29, 34). 
There were found a small number of cells with tripolar spindles 
(figs. 10, 11) in one specimen, and in rare cases in a few other 
individuals. The cells having two, three or four nuclei of unequal 
size may be the result of such abnormal spindle formation (figs. 
8, 36). A number of cells in different embiyos show such unusual 
chromosome arrangements as Ao bear little resemblance to those 
in regular mitosis (figs, 16, 19, 28, 34). Figures 19 and 28 resemble 
the “pseiido-amitosen” of Politzer. 

In a small number of cells in a few of the embryos the chromo- 
somes are so widely separated and disarranged as to suggest a dis- 
persal while in the prophase (figs. 13, 16, 38, 63). 

In all embryos, four hours after being rayed, cells occur that 
have nuclei in various stages of degeneration (figs. 5, 9, 24, 49, 50, 
55, 56, *57, 58, 59, 68, 69, 70, 71, 72, 73). In many of these the size 
and number of granules suggest dispersal and partial fragmentation 
of the chromosomes. 

The work of Strangeway s and Fell (80) upon the chick embryos 
of 20-25 hours, 6 days and 17 days is similar to that reported in 
this paper. Using embryos of wider age difference has not modified 
conditions materially. Two dosages were used by these workers, 
the one about double the strength of the other. With the heavier 
dose changes occurred somewhat more quickly and with greater 
destruction. The embryos, after exposure, were incubated for 
periods varying from none to six days. The 20-25 hour embryos, 
observed immediately after raying, showed no microscopic changes, 
but sections showed a great reduction of mitotic figures. At 80 
minutes, with lighter dose, mitoses were rare; with heavier dose, 
absent. The general conditions of the tissues under similar ex- 
posures were, respectively, slight cellular degeneration and greater 
cellular degeneration. 

After 24 hours a partial recovery seemed to have taken place, for 
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mitosis became active again, though the tissues showed abnormal 
mitoses, reduced growth, and degeneration. Some of the abnormal 
mitoses showed pluripolar spindles and others fragmentation of 
chromosomes. Nuclear and cellular disintegrations were present 
and the mesenchyme had become oedematous. In embryos exposed 
at six days and examined immediately there was a striking reduc- 
tion of mitoses, some cells showed slight degenerative effects and 
the surface of the body was somewhat reddened. In 26 minutes 
sections showed degeneration in many cells, mitoses rare, and large 
numbers of cells in the delicate vascular walls breaking down. In 
52 minutes dark splotches occurred in most specimens, which, on 
being sectioned, showed great extravasation of blood. There were 
no mitoses observed. After 80 minutes much crimson color of 
body showed. An enormous number of degenerated cells occurred 
in all tissues, especially in the retina and central nervous system. 
The color of body was due to the engorgement of the superficial 
vessels, the w-alls of which had, in many places, broken down and 
liberated blood into the surrounding tissues. Mitoses were very 
rare or absent. After 24 hours no sign of recovery could be noted. 
There was some hemolysis, Avhich reddened the amniotic fluid. Most 
cells were degenerating and many broken down. , There were no 
mitoses. 

The results shown in this paper parallel very closely those given 
above as reported by Strangewmys and Fell (80). The series of 
chicks used were of ages with shorter time intervals between, e. g., 
28, 48, 60, 75, 96 and 120 hours. The intervals after exposure were 
somewhat more variable than those of Strangeways and Fell (80). 
The degenerative effects wei^e not so quickly shown nor were they 
so striking, there, being no great reduction in number of mitoses ob- 
served after two. hours and no complete disappearance of them be- 
fore six hours in some individuals. In no case was there any re- 
covery or recurrence of mitosis, but, rather, degeneration became 
greater with time, with very great disorganization of miicli of the 
nervous tissue before 20 hours. There was not only accumulation 
of disorganized material within the retina and central nervous sys- 
tem as reported by Strangeways and Fell (80), but within the tubes 
and cavities in other parts of the body as well, yet this did not ap- 
pear in great quantity for four or six hours. There was extravasa- 
tion of blood in embryos after two hours, and ever increasing with 
time after raying until in some specimens brain and retinal walls 
were folded and most of the mesenchymal spaces gorged. For the 



C'kow; IvKFECT.s OF X-Rays on Chick Embry'os 


507 


phiripolar spindles, fragmentation of chromosomes and other abnor- 
mal mitoses of Stranseways and Fell (20) there were found tripolar 
spindles (figs. 10, ]1), fragmented (figs. 13, 38) and dispersed 
chromosomes (figs. :13, 38) and in others condensed in a clump 
(figs. :{1, 75, 7(1, 77), the last not being found by other workers. 

Though different in mcdliod of exposure, the chicks being exposed 
to X-rays on successive day.s, yet the result, s obtained by Colwell, 
Gladstone, and Wakely were very similar to those reported in the 
present paiier. in tliGr pa])er of 11)22, series I (24), the conclusion 
was reached tliat of those specimens which did develop after raying, 
all the organs and tissues wliich should develop during the period 
examined were differentiated, but 'were smaller in size. In series II 
and III (25) tlie .^ame authors conclude that the effect is always de- 
structive and is exerted chiefly on tlie ectoderm, neural tube and its 
associated structures, such as tlie retina and optic vesicle the epithe- 
lium of glandular structures, as tlie liver, or the mesonephros, and 
upon the red blood cor|)Uscles. Tlie effects consist in the detach- 
ment of tlic epillKsliuin; diminution of the transparency of the 
(‘•ytoplasm, or the {(irmalion in the cytoplasm of minute granules or 
vacuoles; va,riation in degree, of distinctness with which the chromo- 
somes may be distinguished in the dividing nuclei, and in the stain- 
ing reactions of the niickri and cell bodies. The effect on the blood 
corpuscles ap|)cars :dso to lie destructive. In a few cases a fibrinous 
clot appears in tlie lieart or larger vessels. In their specimens re- 
ceiving tlie full <losage, heuiorrliages were frequent in the cavity of 
central nervous system and, to a less degree, other cavities of the 
body were partly filled with fibrinoid and cellular material. The 
cells in division aft(‘r irradiation sliow chromosomes which are con- 
densed into a (‘liini]). Tliere appears to be no reduction in number 
of mitoses nor is tla^re any stimulation. 

The findings in tlie present paiier present results similar to those 
ri'ported l»y (Jolwctlb (Tla,dst;one and Wakcley (25). There is less 
separation of the tn'todorm and very little of the epitrichium. The 
effect upon the raaii-al tissue and sense organs is as great as observed 
l)y these workers. In tlie more advanced stages after raying the 
rc^sults are iirolialily raiudi greater than they report. In only one 
situation do tliey report breaking of ''internal limiting ineinbrane 
lining tlie central canal of the cord and the canal partially filled with 
fib,rin()i:LS“like deposit containing a group of small oval cells derived 
from the iieuro-syncytiurn, forming the wall of the injured tube.’^ 
Most specimens descaabed iir the present paper show exudations from 
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brain cells and often much debris within its cavity accompanied 
by definite spaces or fissures from which cells or cell-parts have 
Qome. The effect on the coats of the eye is much the same as that 
observed on the neural tissue. There is generally separation of the 
two coats within two hours, the distance increasing with time after 
raying. In nearly every case this space is filled with fibrinous-like 
material to which disorganized cells are added in a few hours, the 
total mass becoming so great as to cause folding of retinal coats. 
Both coats may be broken or fissured which may admit blood cells 
to the mass within the space. Within the lens vesicle disorganized 
material occurs after a few hours. Colwell, Gladstone and Wakeley 
(25) report no widespread modifications in the eye, reporting only 
on the distribution of pigment granules and staining qualities of the 
pigment cells. They report the effect of the X-rays on the entoderm 
and its derivatives as being very slight, while the present paper re- 
ports degenerative effects in all advanced stages. They report little 
or no effect in other tissues except blood. 

It is in comparison of the blood and mitoses that the present paper 
agrees most closely with these workers. In both extensive hem- 
orrhages are reported and in both destructive effects are noted. 
These effects are shown by both in the breaking up of cytoplasm 
(figs. 1, 2, 15), the formation of granules, the fragmentation of 
karyosomes (figs. 39, 42, 46), and occasionally the fragmentation 
of the whole cell (figs. 24, 70, 72) . Both report cells without nuclei. 
(Figs. 6, 7.) 

The appearance of the cells which are in division is reported muds 
the same in both papers. Both report variation in degree of dis- 
tinctness with which chromosomes may be distinguished in dividing 
nuclei. Both report the condensation of the chromosomes into 
clumps (fi.gs. 31, 75, 76, 77) in which the individual elements could 
not be followed. It appears, then, that with lighter doses given at 
daily intervals cell division and cellular structure may be modified, 
but widespread destruction is not produced, while with single, heavy 
dosage, as reported in the present paper, modifications, similar to 
those reported by the workers above, appear, after a few hours, to 
be followed by even greater degeneration in later stages. 

Several workers have employed Radium and others ultra-violet 
light in their experiments on living tissues. The effects of both of 
these are very similar to those produced by exposures to X-rays. 

One very striking modification of living cells produced by X-rays, 
radium and ultra-violet light is the suppression of mitosis. In ail 
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the embryos on which report is made in this paper, with the excep- 
tion of one individual, whose susceptibility to the dosage of X-rays 
employed must have been lower than all the others, a very definite 
reduction in number of mitoses occurred in two hours with, in al- 
most all cases, complete disappearance of all cell division in six 
hours. The individual variation that occurred was not great enough 
to be a matter of record. No reduction in number or other change 
could be observed in embryos twenty minutes after raying, but 
Strangeways and Fell (80) found a very rapid fall in thirty min- 
utes. After the abrupt fail a further reduction continued much 
more gradually for three hours when there began a rise in number 
which continued to increase till the original number had been sur- 
passed. '"Canti and Spear (23) recorded a similar sharp reduction, 
followed by a gradual rise which sometimes was equal to the fall for 
cells growing in vitro and exposed to gamma radiation. Grasnick 
(36) found the nuclei, especially those in mitosis, more affected by 
gamma rays while the cytoplasm was influenced more by the beta 
rays of radium. 

Canti (21) demonstrated the effect of radium upon chick embryo 
tissues growing in vitro by making slow pictures of them. In this 
unique method are shown cells, which moving, cease mobility, be- 
come round and form bubbles in their process of breaking down. 
Mitosis is stopped in 20 minutes. Two daughter cells moving apart 
are stopped. 

Canti and Donaldson (20) found similar stopping of mitoses by 
exposure to radium, the choroid tissue of chick embryos growing 
in vitro. In this it was observed that the more intense the irradi- 
ation the sooner was mitosis stopped. 

Reiss (73) compares the action of X-rays and radium on the 
nucleus and cytoplasm in “Pour nos experiences, le rapport des 
sensibilites du cytoplasme et du noyau serait de 18 : 1 pour le 
radium, et de 3.8 : 1 pour les rayons X.” 

That ultra-violet light acts similarly to X-ray and radium is 
shown by Earl (31) who observed its action upon blood and fibro- 
blasts. The erythrocytes became swollen and lost their hemoglobin; 
while white blood cells were fixed and coagulated. Fibroblasts from 
chick embryos were observed to swell, develop vacuoles and coagu- 
late. 

Hinricks (45, 46) has done extensive experimenting, using ultra- 
violet light upon chick embryos, and finds abnormalities and wide- 
spread modifications. 
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Short exposures of tissue cultures of fibroblasts to ultra-violet 
light was recorded by Kler (54) as having very little effect; to pro- 
duce a lethal effect heavier doses being necessary. In a similar treat- 
ment of chick heart fragments after an exposure of 15 seconds to 2 
minutes a stimulation of contraction was observed by Kler (55) who 
found for the intensity of light employed 2-3 hours exposure was 
necessary to be lethal. Watrin (89) exposed tadpoles in water to 
X-rays and to ultra-violet light, finding the former had no effect, 
but during exposure to the latter the tadpoles moved rapidly and 
after 3 doses at 5-day intervals they lost weight and pigment, and 
died in 5 days. 

GENERAL CONCLUSIONS 


The effects of irradiation with X-rays appear as destructive 
changes in all tissues, valuing directly with the length of time after 
exposure. 

These effects for the most part are general rather than local. 

Effects make their appearance at about the same time after ir- 
radiation in all series. 

Mitoses are not stopped suddenly, but a gradual diminution takes 
place until, after 4-6 hours, few or none occur. Some mitotic figures 
show chromosomes somewhat condensed into a clump so that in- 
dividual elements cannot be discerned. 

No acceleration of growth can be found. 

The greatest effects are shown in the nerve tissue, sense organs, 
epithelium and blood cells. 

Pronounced effects are shown in: Accumulation of disorganized 
material in vesicles, canals and cavities of body; detachment of 
epithelial membranes, limiting membranes, and separation of retinal 
walls; great hemorrhages into loose mesenchyme; appearance of 
granules in the cytoplasm; decrease in differentiation of nuclear 
structure. 
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EXPLANATION OF PLATES 


All the figures in plates LX to LXIII are drawings made in all 
cases with the aid of a camera lucida using a Leitz 16 )< ocular and 
95 X oh immersion objective. All drawings were made at a magnifi- 
cation of 2,800 diameters, and reduced to one-half in reproduction. 
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PLATE LX 

Fig. 1 . 28-45. Ectoderm showing vacuoles and fraying of outer wall. 

Fig. 2, 28-45. Entoderm from open gut showing fraying of outer walls. 
Fig. 3. 28-45. A mesodermal cell, very dense nucleus and many prominent, 
dark granules. 

Fig. 4. 28-45, A mesenchymal cell with vacuolated nucleus. 

A grou-p of blood cells from 28^5: 

Fig. 5. A large blood cell undergoing cytoplasmic fragmentation. 

Figs. 6 and 7. Degenerating cells without nuclei. 

Fig. 8. Cells with two nuclei. 

Fig. 9. Blood cells, one of which has no nucleus. 

All are degenerated as shown by the granules within. 

Figs. 19 and 11. Cells with tri polar nuclei. 

Fig, 12, A giant blood cell. 
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PLATE LXI 

Fig. 13. 48-60. Entodermal cell with dispersed chromosomes. 

Fig. 14. 48-54. Cells composing the urinary tubule showing numerous 
granules in the cytoplasm. 

Fig. 15. 48-62. Cells from the auditory vesicle showing the frayed cytoplasm 
and fragmented karyosomes. 

Fig. 16. 48-54. A blood cell with disarranged chromosomes. 

Fig. 17. 48-54. Blood cell showing condensation of the chromosomes into 
a clump. 

Fig. 18. 48-54. Blood cell with prominent granules and broken cellular 
wall. 

Fig. 19. 48-54. Blood cell with clumped chromosomes somewhat disarranged 
and degenerating. 

Fig. 20. 48-60. Blood cells with broken cell walls and oozing cytoplasm. 

Figs. 21 and 22. 48-60. Mesenchymal cells with somewhat shrunken cyto- 
plasm. 

Figs. 23 and 24. 48-60. Blood cells undergoing degeneration and fragmen- 
tation. 
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PLATE LXII 

Fig. 25. 60-64. A cell from the auditoiy vesicle showing slight clumping of 
chromosomes. 

Fig. 26. 60-64. Cell from auditory vesicle with chromatin condensed into 
a tangled knot. Pycnosis. 

Figs. 29 and 34. 60-64. Cell from mid-gut showing a condensation of the 
chromosomes. 

Fig. 30. 60-64. Cell from the auditory vesicle showing much vacuolated 
nucleus. 

Figs. 27, 31, 32, 33. 60-64. Blood cells with shrunken nuclei. 

Fig. 28, 60-64. Blood cell with chromosomes disarranged suggesting pseiido- 
amitosis. 

Fig. 36. 60-64. Blood cell with four nuclei. 

Fig. 37. 60-64. Mesodermal cell with clumped chromosomes and granular 
cytoplasm. 

Fig. 38. 60-64. Mesodermal cell with dispersed and fragmented chromo- 
somes. 

Figs. 39, 40, 41, 42, 43, 44, 45. 60-66. Blood cells with prominent granules 
and more or less shrunken and degenerating. 

Fig. 46. 60-66. Cells from the urinary tubule showing granular cytoplasm 
and fragmented karyosomes. 
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PLATE LXIII 

Figs. 47, 48. 75-94. Blood cells shrunken and degenerating. 

Fig. 49. 75-94. Blood cell almost clear. 

Fig. 50. 75-94. Blood cell with fragmented nucleus. 

Fig. 51. 75-94. Blood cell which is stained very darkly. 

Figs. 52, 53. 75-78. Mesodermal cells whose nuclei are dividing by amitosis. 

Fig. 54. 75-78. Mesodermal cell with fragmented nucleus. 

Figs. 55, 56, 57, 58, 59. 75-94. Blood cells with fragmented nuclei and 
granular cytoplasm. 

Figs. 61, 62. 75-78. Small blood cells. 

Fig. 63. 75-78. Elongated cell from the neural tube, showing dispersed 
chromosomes. 

Figs. 64, 65, 66, 67, 74. 96-114. Blood cells much degenerated and almost 
clear. 

Figs. 68, 69, 70, 71, 72, 73. 96-114. Blood cells which are degenerating and 
breaking up. Pseudopodium-like projections extend from . the cytoplasm of 
several cells. 

Figs. 75. 76. 120-123. Cells from the brain showing clumping of the chro- 
mosomes. 

Fig. 77. 120-123. Liver cells showing chromosome clump. 

Fig. 78. 120-140. Shrunken Pigment cells from the retina. 
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